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PYRAZINE DERIVATIVES AS MODULATORS OF TYROSINE KINASES 

FIELD OF THE INVENTION 

5 This invention claims priority fiom U.S. Provisional Application No. 

60/233,968 filed September 20, 2000 and entitled 'Tyrazine Derivatives as 
Modulators of Tyrosine Kinases." 

The present invention provides pyrazine derivatives that inhibit tyrosine 
kinase activity. Certain pyrazine derivatives are selective inhibitors of flie 
10 vascular endothelial growth fectDr(VEGF) receptor tyrosine kinase. The present 
invention also provides pharmaceutical formulations containing the pyrazine 
derivatives and methods for use of these formulations as anti-tumw agents, and 
to treat diabetic retinopathy, rheumatoid arthritis, endometriosis, and psoriasis. 

1 5 BACKGROUND OF THE INVENTION 



Angiogenesis plays a role in various processes including development of 
the vasculature, wound healing and maintenance of the female reproductive 
system. Pafliological angiogenesis is associated with disease states such as 
cancer, diabetic retinopathy, rheumatoid arthritis, endometriosis and psoriasis. 
SoUd-tumor cancers, in particular, are dependent on angiogenesis for their 
growth. The vascular endotheUal growth factors (VEGFs) are mediators of both 
normal and pathologic angiogenesis. VEGF transmits signals into ceUs through 
their cognate recqptors, which belong to the receptor tyrosine kinase (RTK) 
family of transmembrane rcQeptors. These receptors are tripartfte, consisting of 
an extracellular Ugand-binding domain, a transmembrane domain, which anchors 
the receptor in the membrane of the ceU, and an intraceUuIar tyrosine kinase 
domain. One subfamily of RTBCs comprises the receptors FltlA'EGF-Rl and 
KDR/FlklA^GF-R2, which bind VEGFs. Binding of the VEGF ligand to the 
receptor results in stimulation of the receptor tyrosine kinase activity and 
transduction of biological signals into the cell, the KDR/FlklA/EGF-R2 
receptor mediates the biological activities of mitogenesis and proliferation of 
endothelial cells while the FltlATBGF-Rl receptor mediates functions such as 
endothelial ceU adhesion. Inhibition of KDR/FlklA^GF-R2 signalling has been 
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shown to inhibit the process of angiogenesis. MiibitoTS of this receptor are 
likely useful in controlling or limiting angiogenesis. 

SUMMARY OF THE INVENTION 
The present invention provides pyrazlne deri^tive compounds that 
display activity as kinase inhibitors of the formula: 



where the substituents are defined herein. These pyrazine derivatives are useful 
as kinase inhibitors; particularly, as inhibitors against the kinase domain of the 
10 Vascular Endothelial Growth Factor Receptor (VEGF-R), inhibiting die activity 
of the VEGF receptor in vitro and in vivo. 

In a preferred embodimait, the invention relates to compounds of 
Formula 1: 



or a phannaceutically acceptable salt thereof, wherein 

R, is selected from the group consisting of cycloalkyl, heterocyclyl, 

biheterocyclyl, aryl, biaryl, heteroaiyl and biheteroacyl optionally substituted 
with 1 to 5 substituents independently selected from the group consistiaig of 
alkyl, lower alkyl, alkenyl, alkynyl, alkoxy. lower alkoxy, heterocyclyl, 
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, 
heterocyclylalkoxy, aryl, aiylalkyl, aiylalkenyl, atylalkynyl, aiylalkoxy, 
heteroaryl, heteroarylalkyl, heteroaiylalkenyl, heteroarylalkynyl, 
heteroarylalkoxy, OH, hydroxyalkyl, halogen, cyano. nitro, amino, 
alkylamino, alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, 
aminoalkylamino, di(alkyl)amino, di(alkyl)aminoalkyl, 
di(alkyl)aminoalkylamino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycaibonyl, alkoxycarbonylalkyl, acylamino. 




A 
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Formula 1 
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alkylsulfonyl, aUcylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with- 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), aminosulfonyl, aminosulfonylalkyl, 
5 alkylaminosulfonyl, alkylamiuosulfonylalkyl, di(alkyl)anunosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, trihalo substituted lower alkyl and trihalo 
substituted lower alkoxy; 

10 A is selected from the group consisting of -N(R4)(CH2)^-, -©(CHj)^-, -SCCHa)^-, 
-SOjCCHjV, -SOaNCCHj),-, -NSOaCCHj),., -N(R4)(CH2)mO(CH2),.. 
-N(R4)(CH2),^NH(CH2),-, -N(R4)CONH(CH2),- and -N(R4)CNNH(CH2),-; 
wherein x is an integer from 0 to 4; 

15 is selected from the group consisting of H, lower alkyl, alkyl, hydroxyalkyl, 
alkoxyalkyl, axylalkyl, lower alkenyl, alkenyl, aiyl and heteroaiyl; wherein 
aryl and heteroaryl are optionally substituted with 1 to 5 substituents 
independently selected from the group consisting of OH, halogen, cyano, 
nitro, amino, alkylamino, di(a]kyl)amino, (hydroxyalkyl)amino, 

20 di(hydroxyalkyl)amino, alkyl, lower alkyl, alkoxy, lower alkoxy, 

tri(halo)substituted lower alkyl and tri(halo)substituted lower alkoxy; 

R2 is selected from the group consisting of heteroaiyl and biheteroaryl optionally 
substituted with 1 to 2 substituents independently selected from R, and 1 
25 substituent selected from Rg; 

R7 is selected from the group consisting of alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, aiylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
30 allQrlanaino, di(alkyl)amino, (hydroxyalkyl)anmio, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, aUcoxycarbonylalkyl, acylamino, 
alkylsulfonyl, aUcylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 



and tri(haIo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(lialo)substituted lower alkoxy; 

R, is selected fiom the group consisting of alkyl, OH, hydroxyalkyl, halogen, 
cyano, amino, alkylamino, di(alkyl)amiiio, (hydioxyalkyl)amino, 
di(hydroxyallqrl)amino, carbamoyl, alkylcarbonylamino, allqrlcaibonyl, 
alkoxycaibonyl, (hydroxyalkyl)carbonyl, (hydroxyalkoxy)caibonyl, 
©(CH^)^, 0(CHJ.O(Ciy^. 0(CHj).CH[(CHj),^]„ 
0(CH^J?l[(CH^^]^ OCON[(Ciy JR,]„ NH(CHa)JR5, NH(CH,)„CH(R,),. 
NH(CH^„SO,(CH^^. NH(CH^„0(CH^ Jl,, NH(CIU.OCH[(CH^^],. 
NH(CHy„0(Ciy„0(CH^JR„ NH(CH^[(Ciy Jl,],. 
NH(CBy„SO^(CH,) JJ,, NH(CH,)„CH(OH)(CH,) Jl,, 
NH(CHACH(OH)(Ciy„ORs. NH(Ciy„CH(OH)(Ciy„N[(CH,) Jl,],, 
NH(CHj)„CO(Ciy J^[(CHa)^L. NH(CH^,CO,(Ciy ^, 
NH(CH0„CO(CHj)„SO2NH(CH^„R„ NHCO(CH2)„CH(R3)„ 
NHCO(CH2)JR„NMCO(CHj)„0(CH2)Jlj, 

NHCO(CHAO(Ciy„0(Ciy Jl,. NHCO(CHAO(CH^„CO(Ciy^, 
NHCO(CHj)„N[(CH^^]2, CONHCCH^XOCCH^^R,, and 
CONH(CH2)^[(CHj)JR,]2; wherein n is an integer from 0 to 6 and m is an 
integer fiom 0 to 4; with the proviso, that m is at least l' when Rj is selected 
fiom the group consisting of OH, amino, alkylamino and di(alkyI)amino; 

R5 is selected from the group consisting of H, OH, lower alkyl, amino, 

alkylamino, di(alkyl)aniino, aryl, heteroaryl, biheteroaryl and heterocyclyl; 
wherein aryl, heteroaryl and heterocyclyl are optionally substituted with 1 to 
3 substituents independently selected from the group consisting of alkyl, 
lower alkyl, acyl, carboxyl, aryl (optionally substituted with 1 to 5 halogen 
substituents), OH, halogen, cyano, amino, alkylamino, di(alkyl)amino, 
(hydroxyalkyl)amino, di(hydroxyalkyl)amino, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl and aminosulfonylalkyl; and, wherein heterocyclyl is 
further optionally substituted with 1 to 3 0x0 substituents; and. 



R3 is selected from the group consisting of H, alkyl, lower alkyl, alkoxy, lower 
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alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylall^l, heterocyclylalkoxy, 
aryl, aiylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitio, amino, 
alkylamino, di(alkyl)aimno, (hydioxyaIkyl)ammo, di(hydroxyaIkyl)aimno, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycaibonylalkyi, acylamino, 
5 alkylsulfonyl, alkylsulfonylamino, aiylsulfonylamino (wherein aryl is 

substituted with 1 to 3 substituents independently selected fiom die group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, ChydroxyalkyOcarbony], 
(hydroxyalko3or)carbonyl, tri(halo)substituted lower allQ^l and 
10 tri(halo)substituted lower alkoxy. 

In one aspect of this embodiment, the compound of claim 1 includes R, 
wherein R, is selected fix»m the gmnp consisting of cydoalkyl, heterocyclyl, 
biheterocyclyl, aiyl, biaryl, heteroaiyl and biheteroaryl optionally substituted 
with 1 to 5 substituents independently selected firom the group consisting of 
1 5 alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower alkoxy, heterocyclyl, 

heterocyclylalkyl, heterocyclylalkoxy, aryl, aiylalkyl, arylalkoxy, heteroaryl, 
heteroarylalkyl, heteroarylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, 
amino, alkylamino, alkylammoalkyl, alkylaminoalkylamino, aminoalkyl, 
aminoalkylamino, di(alkyl)amino, di(alkyl)aminoaIkyl, 
20 di(alkyl)aminoalkylamino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, alkoxycarbonyl, aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)amino8ulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, trihalo 
substituted lowar alkyl and trihalo substituted lower alkoxy. 



25 



30 



In another aspect of this embodiment, R, is selected from the groi^ 
consisting of aiyl optionaUy substituted with 1 to 5 substituents independently 
selected fiom the group consisting of lower alkyl. lower alkoxy, heterocyclyl, 
heterocyclylalkyl, aiyl, aiylalkyl, heteroaryl, heteroarylalkyl, OH, halogen, 
cyano. amino, alkylamino, alkylaminoalkyl, alkylaminoalkylamino. aminoalkyl, 
aminoalkylamino, di(all(yl)amino, di(alkyl)aimnoalkyl, 
di(aIkyl)aminoalkylaniino, carbamoyl, acyl, alkoxycarbonyl. aminosulfonyl, 
aminosulfonylalkyl, alkylaminosulfonyl, alkylaminosulfonylalkyl, 
di(aIkyl)amino8ulfonyl, di(alkyl)aminosulfonylalkyl, carboxyl, trihalo 



wo 02/24681 

6 

substituted lower aUsyl and trihalo substituted lower alkoxy. 
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Preferably R, is selected from the group consisting of phenyl optionally 
substituted with 1 to 5 substituents independently selected from the group 
5 consisting of lower alkyl, lower alkoxy, OH, halogen, cyano, amino, alkylamino, 
alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, aminoalkylamino, 
di(alkyl)amino, di(aJkyl)aniinoalkyl, di(alkyl)aminoalkylamino, carbamoyl, acyl, 
alkoxycaibonyl, aminosulfonyl, aminosul&nylalkyl, alkylaminosulfonyl, 
alkylaminosulfonylalkyl, di(alkyl)amino8ulfonyl, di(alkyl)aminosulfonylalkyl, 

10 carboxyl, trihalo substituted lower alkyl and trihalo substituted lower alkoxy . Ih 
another aspect R, is selected from the group consisting of phenyl optionally 
substituted with 1 to 5 substituents independently selected from the group 
consisting of methoxy, chlorine and fluorine. Still further in a preferred aspect 
of this embodiment, A is selected from the group consisting of -NCR^XCHj),-, 

15 -0(Ciy,-. -SCCH^X-. -SO^CCiy... -SOMCKd.-, -NSOjCCH^)^-. 

-N(R4)(CHj),^0(CHs),- and -N(R^)(CH2),^NH(CHj),s wherem x is an integer 
from 0 to 3. In another aspect, A is selected from the group consisting of 
-N(R^CH^,.. .0(CHO,-. -S(CKy,.. -SO,(CKy,-, .SO,N(CH^,., .NSO,(CH^... 
-N(R,XCH^mO(CHj),- and -N(R4XCH2)mNH(CH3V; wherein x is an integer 

20 fix>m 0 to 1 . Alternatively, A is selected firom liie group consisting of 
-NCRtXCI^x- and -0(CIlj)xS wherein x is an integer from 0 to 1 . 

Preferably, R, is selected from the group consisting of H, alkyl, lower 
alkyl, alkoxyalkyl, alkenyl, lower alkenyl, hydroxyalkyl, aryl, arylalkyl and 
15 heteroaiyl and stiU more preferably R, is selected from the group consisting of 
H, lower alkyl and hydroxyalkyl. Most preferably, R, is H. 

In another aspect of this embodiment, Rj is selected from the group 
consisting of heteroaryl and biheteroaryl optionally substituted witii 1 to 2 
0 substituents independentiy selected from R, and optionally substituted with 1 
Substitoent selected from R,; wherein R, is substituted on the 2 or 6 position 
fix>m the point of attachment of R^; and, wherein R, is substituted on a carbon 
atom at the 4 or 5 position from the point of attachment of Rj. Preferably R^ is 
selected from the group consisting of heteroaiyl optionally substituted with I 
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substituent selected from R, and substituted with 1 substituent selected from R,; 
wherein is substituted on the 2 or 6 position from the point of attachment of 
Ra; and, wherein R^ is substituted on a carbon atom at the 4 or 5 position from 
the point of attachment of R^. 

5 

In one a^ect R, is selected from the group consisting of thienyl, pynolyl, 
oxazolyl, tiiiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isotiiiazolyl, pyridinyl, 
pyridazinyl, pyrimidinyl and pyrazinyl optionally substituted witii 1 substituent 
selected fix>m R, and substituted wifli 1 substituent selected from R,; wherein R, 

10 is substituted on the 2 or 6 position from tiie point of attachment of R,; and, 
wherein R, is substituted on a carbon atom at tiie 4 or 5 position from the point 
of attachment of R^. Preferably R, is selected from the group consisting of 
pyridinyl, pyridazinyl, pyrimidinyl and pyrazinyl optionaUy substituted with 1 
substituent selected from R, and substituted with 1 substituent selected from R,; 

15 wherein R, is substituted on tiie 2 or 6 position fix>m the point of attachment of 
Ra; and, wherein R^ is substitated on a carbon atom at tiie 4 or 5 position from 
the point of attachment of R^. 



Also preferably R, is selected from the group consisting of lower alkyl, 
20 lower alkoxy. heterocyclylalkyl, aiyl, arylalkyl, OH, hydroxyalkyl, halogen, 
cyano, nitit), amino, aftylamino, di(alkyl)anmio, (hydroxyalkyl)amino, 
di(hydroxyalIcyl)amino, acyl, caiboxyl, tri(halo)substituted lower alkyl and 
) tri(haIo)substituted lower alkoxy. In a preferred embodiment, R, is selected 

from tiie group consisting of lower alkyl, OH, halogen, cyano, nitro, amino, 
25 tii(halo)substituted lower alkyl and tri(halo)substituted lower alkoxy. In yet 
anotiia: embodiment, R7 is selected from the group consisting of methyl, etiiyl, 
OH, bromine, chlorine, fluorine, cyano, nitro, amino, tiifluoromethyl and 
trifluoiomeflioxy. 

30 R^ is preferably selected from the groi^ consisting of OH, amino, 

(hydroxyalkyl)amino, alkoxycarbonyl, OCON[(CHj) NHCCH^)^, 
NH(CH^„CH(R,)„ NH(CH^„SO,(CH^ Jl,. NH(CH^.O(CHa) Jls, 
NH(CHAOCH[(CH^ Jl,]a. NH(CHj)„0(CHj)„0(CH2) Jl^, 
NH(CH2)^[(CHa) Jl^li. NH(CH0„SOjNH(CH2) Ji^, 
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NH(CH3)„CH(OH)(CH^ Jl,. NH(CKy„CH(OH)(CH^OR5. 

NH(CH3)nCH(OH)(CH,) J^KCHJ NH(CHJ.CO(CH,) J^[(CH^Jl,]^ 

NH(CH,)„C0,(CH^JEl5. NH(Ciy.CO(CEy„SO,NH(CFQJR,. NHCO(CH^^, 

NHCO(CHAO(CKymR5. NHCO(CHy,0(CH^„0(CH^^, 

5 NHC0(CH^.O(Ciy„C0(CH,) Jl,. CONH(CHj).0(CHa)^ and 

CONH(CHj)J>I[(CH2)JR,]2; wherein n is an integer fiom 0 to 6 and m is an 

integer from 0 to 4; witt the proviso, fliat m is at least 1 when R, is selected fiom 

the groixp consisting of OH, amino, alkylamino and di(alkyl)amino. In one 

aspect of this emhodiment, R, is selected from the groiq) consisting of OH, 

10 amino, (hydroxyaBcyl)amino, alkoxycarbonyl, OCON[(CHj) Jl^lj, NH(CHj)^, 

NH(CHACH(R5)„ NH(CH^,SO,(CH^^. NH(CHa)„0(CH^ Jl,. 

NH(CHj),OCH[(CH^^]3. NH(CH^.0(C3JjX„0(CH2)JR,, 

NHCOyj^CCHj) NH(CH2)„SOjNH(CH2)^, 

NH(CHj)„CH(OHXCHa)^, NH(CHJ„CH(OH)(CH^„OR^. 

15 NH(CHj).CH(OH)(CHa) J«J[(CH^JR,],. NH(CH^„CO(CH,)J^[(CH0Jl5]2. 

NH(CH^.COj(CHj) NH(CH^„C0(CH^„SOjNH(CHj)^, NHCO(CHj)^. 

NHC0(CHj)„0(CH^^, NHCO(CH,).0(CH^„0(CH^ Jl,, 

NHCO(CHj)„O(CH^„C0(CH^Jl„ C0NH(C3Ij)„O(CH2)^ and 

CONHCCHj) J>J[(CHa) Jlj]2; wherein n is an integCT fiom 6 to 5 and m is an 

20 integer fiom 0 to 2;. wifli the proviso, that m is at least 1 when R, is selected from 

the group consisting of OH, amino, alkylamino and di(alkyl)amino. Still more 

preferably, R, is selected from the group consisting of OH, amino, 

•(2-hydroxyethyl)amino, (3-hydroxy-«-propyl)amino, (4-hydroxy-n-butyl)amino, 

ethoxycarbonyl, OCON(R,)j. NH(CH^,^R„ NH(CH2).^SOj(CH2)o.|R„ 

25 NH(CH^,.3O(CH2)c„R,.NH(CH^,^0CH[(CH3),.,R,]„ 

NH(CH,)i.30(CH,),.20(CH,),.,R,,NH(CH2),^N[(CH^^,R,]2, 

NH(aiO,^SO,>m(CH^,.^,NH(CHj),^CH(OH)(CH2),.,R,, 

NH(ai,),^CH(OH)(CHj),.,OR5,l^(CH0,^CH(OH)(CHa),.J^[(CHj)o.,R5]« 

NH(CH3),.3CO(CHa)o.,N[(CH^o-iR.]2.NH(CHj),.3CO,(a«o.,R5. 
30 NH(CH2),^CO(CH2),.jSO,NH(CH2),.jR„ NHCO(CH2)o.,R5. 

NHCO(CH^,.,0(CHj)o.,R„NHCO(CH^..,0(CH^),.,0(CH^,.,R„ 

NHCO(CH^,.,0(CH^o.,CO(ay C0NH(CHJ,.30(ay^,R, and 

CONH(CH2),.3N[(CH2),.2Rj]j; with the proviso, that the R5 alkylene Knking 

group is at least methylene when R, is selected from the group consisting of OH, 
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amino, alkylamino and di(a]l^l)amino. 

In another embodiment of this invention, Rj is selected from the groiq) 
consisting of H, OH, Iowct alkyl, amino, alkylamino, di(alkyl)amino, aiyl, 
5 heteroaiyl and heterocyclyl; wherein aiyl, heteroaiyl and het«x)cyclyl are 
optionally substituted with 1 to 3 substituents indepaidently selected from the 
group consisting of lower aSkyl, acyl, carboxyl, aryl (optionaUy substituted with 
one halogen substituent), di(a]kyl)amino; alkylsulfonyl, aminosulfonyl, 
aUqrlaminosulfonyl and aminosulfonylaUQrl; and, wherein heterocyclyl is furflxer 
optionally substituted witii 1 to 3 oxo substituents. Preferably is selected 
from the group consisting of H, OH, lower alkyl, heteroaiyl and heterocyclyl; 
wherein heterocyclyl is optionally substituted with 1 to 3 substituents 
independently selected from flie group consisting of lower alkyl, acyl, catboxyl, 
aryl (optionaUy substituted with one halogen substituent), di(alkyl)amino, 
1 5 alkylsulfonyl, aminosulfonyl, aUtylaminosulfonyl, aminosulfonylalkyl and oxo. 
In a preferred embodiment, R, is selected from the group consisting of H, OH, 
methyl, ethyl, /-butyl, IH-azetidinyl, IJy-pyrrolidinyl, 4-tetrahydro-2fl^pyranyl, 
hexahydro-lJf-azepinyl, 1,3-dioxolanyl, 1.3-dioxanyl, piperidinyl, piperazinyl, 
imidazolyl, pyrazolyl, triazolyl and pyridinyl; wherein 1,3-dioxolanyl, 1,3- 
20 dioxanyl, piperazinyl and piperidinyl are optionally substituted with 1 to 2 

substituents independently selected from the group consisting of methyl, acetyl, 
carboxyl, phenyl (optionally substituted with chlorine), di(methyl)amino, 
methylsulfonyl, methylaminosulfonyl and oxo. 

25 In ottier embodiments, Rg is selected from the group consisting of H, 

lower alkyl, lower alkoxy, OH, halogen, cyano. amino, alkylamino and 
di(alkyl)amino. Preferably, R, is selected from the group consisting of H, lower 
alkyl, lower alkoxy, OH, halogen, amino and di(alkyl)amino and more 
preferably, R3 is selected from the group consisting of H and methyl. 

30 Preferred compounds include: 

3-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl].3-pyridinyl]amino]-l-propanol; 

3-[[5-[2-[(3-cWorophenyl)amino]-6-methyl-4-pyiimidinyl]-3-pyiidinyl]aminol-l- 
propanol; 



"^OOVimi PCT/USOl/29175 

10 



2- [[5-[6-[(3-cmorophaiyl)amino]pjTazmyl]-3-pyridmyI]aimno]-eth^ 
4-[[5-[6-[(3-cWorophenyl)amino]pyra2myl]-3-pyridmyl]ammo]-l-butanol; 

3- [[5-[6-[(3-fluorophenyl)animo]pyrazmyl]-3-pyridmyl]aimno]-l-propanol; 

3-[t5-[6-[(3-methoxyphenyl)amino]pyrazinyl]-3-pyridmyl]amino]-l-propanol; 

3-[[5-[6-[(phenylme%l)axaino]pyrazinyl]-3-pyridinyl]amino]-l -propanol; 

3-[[6'-[(3-chlorophenyl)aimno][2,2'-bipyia2in]-^yl]amino]-l-propm^ 

3-[[4-[6-[(3-chlorophenyl)ammo]pyia2myl]-3-pyri<lmyl]amino]-l-prop'm^^ 

3-[[5-[6-[(3-chlorophenyl)ammo]pyra2inyl].2-11dazolyl]aimno]-l^ 
and, 

2^^[2-[[5-[6-[(3-cmorophenyl)amino]pyra2inyl]-3-pyridmyl]ammo]e 

Additional piefeired compoxmds include: 

6-(5-amino-3-pyridi^yI)-^'-(3-cMo^>phenyl)-2-pyrazinamine; 

iV'-[5-[6-[(3-cWorophenyl)amino]pyrazinyl]-3-pyridinyl]-A/*^^Jimeaiyl-l,2- 
ethanediamine; 

M[5-[6-[(3-chlorophenyl)amino]pyrazinyl]-3.pyridinyl]^-morpholinepropanam^ 

JV'-[5-[6-[(3-chlorophenyl)amino]pyrazinyl]-3-pyiidinyl]-^»,i\^-dimethyl-l 3- 
propanediamine; ' 

A^<3-cWoK)phenyl)-6-[5-[[3<l-piperazinyl)propyl]ainino]0-pyridinyl]-^ 
pyrazinamine; 

;V'-(3-chlorophenyl)-6-[5-[[4-(4-pyridinyl)butyl]amino]-3-pyridinyl]-2-pyraz^ 

Ar<3-chlorophenyl)-6-[5-[[3<4-pyridinyl)propyl]amino]-3-pyridinyI]-2- 
pyrazinamine; 

JV-(3-chlorophenyl)-6-[5-[[3-(3-pyridinyl)propyl]amino]-3-pyridinyll-2- 
pyrazinamine; 

-^^(3-chlorophenyl)-6.[5-[[3<lJy.pyra2ol-l-yl)propyl]amino]-3-pyridn^^^ 
pyrazinamine; 

iNK3<morophenyl).6-[5-[[3-(lH-l,2,4-triazol-l-yl)pK)pyl]amino]-3-pyridin^^^ 
pyrazinamine; 

AK3-cMorophenyl>6-[5-[[3-(lfl'-imidazol-l-yl)propyl]amino].3-pyridinyI]-2- 
pyrazinamine; 

iSK3-cMorophenyl)-6-[5-[[(tetrahydro-2^^pyran-4-yl)melhyl]aimnol-3W 
pyrazinamine; j j j 

iVK3rcMorophenyl>6-[5-[[2-(2-methoxyethoxy)ethyl]amino]-3-pyridinyll-2- 

pyrazinamine; ■ 

iV^(4-methoxyphenyI).6-[5-[[3<4-pyridinyl)propyl]ainino]-3-pyridinyl]-^^ 
pyrazinamine; 

iSr-(3.4-dicWorophenyl>6-[5-[[3K4-pyiidinyl)propyl]amino]0.pyiidinyl]-2- 
pyrazinamine; 

^^[5-[64(3-cMorophenyl)amino]pyra2inyl]-3-pyridinyl]-2-(2-methoxyethoxyV 
acetamide; ^ ^/ 
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A^-[5-[6<(3-chlorophenyl)amino]pyra2inyl].3-pyridinyy 

i\r-[5-[6'[(3-cMorophenyl)ainmo]pyra2dnyl].3-pyri 
and, 

A^-[5-[6-[(3-chlorophenyl)aiiuno]pyrazinyl]-3-pyridinyl]-2-h^ 

Furttier preferred compounds include: 

JV'-[5-[6-[(3-^hlorophenyl)ainino]pyrazmyl]-3-pyridinyl]-2-metho^^ 

iV-[5-[6-[(3-chloTophenyl)anMno]pyrazinyl]-3-pyridinyl]-3-^ 

^-[5-[6-[(3-chlorophenyl)amino]pyrazinyl].3.pyridmyl]--l-pyrroUdm 
and, 

4-[[5-[6-[(3-cmorophenyl)amino]pyra2dnyl]0-pyridinyl]amino]-butanoic acid ethyl 
ester. 

In another aspect of the invention, the invention relates to compounds of 
5 Fomiula 2: 




Formula 2 

or a pharmaceutically acceptable salt thereof, wherein 

10 R, is selected jfrom the group consisting of cycloallcyl, heterocyclyl, 

biheterocyclyl, aryl, biaryl, heteroaryl and biheteroaiyl optionaUy substituted 
with 1 to 5 substituents independently selected from the group consisting of 
alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower alkoxy, heterocyclyl, 
heterocyclylallcyl, heterocyclylalkenyl, heterocyclylalkynyl, 

15 heterocyclylalkoxy, aryl, aiylalkyl, arylalkenyl, aiylalkynyl, aiylalkoxy, 
heteroaryl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
heteroarylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro. amino, 
alkylamino, alkylaminoalkyl, alkylaminoalkylamino, aminoallq^l, 
aminoalkylamino, di(alkyl)amino, di(alkyl)aininoalkyl, 
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(U(alkyl)aminoaJkylamjno, (hydn)xyalkyl)ainmo, di(hydiDxyalkyl)aimno. 
carbamoyl, acyl. acylalkyl, alkoxycaibonyl, alkoxycarbonylalkyl. acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected fiom the group 
5 consisting of cyano, halogen, hydroxy, nitro. tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl. di(alkyl)amino8ulfonyl, 
di(aIkyl)aminosulfonylalkyl. caiboxyl, (hydioxyalkyl)caibonyl, 
(hydroxyalkoxy)carbonyl, trihalo substituted lower alkyl and trihalo 
10 substituted lower alkoxy; 

is selected from the group consisting of alkyl, lower alkyl, alkoxy. lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aiyl. arylalkyl, arylalkoxy, OH, hydroxyalkyl. halogen, cyano, nitro, amino, 

15 alkylamino, di(alkyl)amino. (hydiDxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycaibonyl, alkoxycaibonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (herein aryl is 
substituted with 1 to 3 substituents independently selected fiom the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 

20 and tri(halo)substituted lower alkoxy), carboxyl, (hydroxya]kyl)carbonyl, 
(hydroxyaIkoxy)carbonyl, tri(haIo)substituted lower alkyl and 
tri(halo)sub5tituted lower alkoxy; 

R« is selected from ihe group consisting of alkyl, OH, hydroxyalkyl, halogen, 
25 cyano, amino, alkylamino, di(aIkyI)amino, (hydroxyalkyl)amino. 

di(hydroxyalkyl)amino, carbamoyl, alkylcarbonylamino, alkylcarbonyl, 
alkoxycarbonyl, (hydroxyaIkyI)carbonyI, (hydroxyalkoxy)carbonyl, 
0(CHAR,. 0(CH^„0(CH^^, 0(CHJ„CH[(CH^ JR,]„ 
0(CHAN[(CH3)^L, OCON[(CH^^]„ NH(CH^^, NH(CHACH(R,)3. 
30 NH(CH^„SO,(CH^ Jl,, NH(CH^„0(CH^JR,. NH(CH^„OCH[(CH^^]„ 
NH(CH^„0(CH^„0(CH,),R„ NH(CH^„N[(CH^^]„ 
NH(CH^„SO,NH(CH^^. NH(CH^„CH(OH)(CH^^„ 
NH(CHj)„CH(OH)(CHj)„OR„ NH(CH^„CH(OH)(CH^ J^[(CH^^]^ 
NH(CH^„CO(CH^ J^[(C3y^],. NH(CH^.CO,(CH:^^. 
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NH(CHACO(CHa)^S02NH(CH2)Jl5, NHCO(CH^„CH(R5)2, 
NHCOCCHt)^, NHCO(CH2)^0(CH2)JR5, 

NHCO(CHAO(CHj),0(CH^„^, >raCO(aJ2)„0(CH2)„CO(CH,) Jl^, 
NHCOCCKy^KCHj) JR5L, CONH(CH2)„0(CH2)„^l5. and 
CONH(CH2)nN[(CH2)aR5]j; wherein n is an integer from 0 to 6 and m is an 
integer from 0 to 4; with the proviso, that m is at least 1 when R5 is selected 
from the group consisting of OH, amino» alkylamino and di(alkyl)amino; 

R5 is selected from the group consisting of H, OH, lower alkyl, amino, 

alkylamino, di(alkyl)amino, aryl, het^oaryl, biheteroaryl and heterocyclyl; 
wherein aryl, heteroaryl and heterocyclyl are optionally substituted with 1 to 
3 substituents independently selected from the group consisting of alkyl, 
lower allQ^l, acyl, carboxyl, aryl (optionally substituted with 1 to 5 halogen 
substituents), OH, halogen, cyano, amino, alkylamino, di(alkyl)amino, 
(hydroxyaIkyl)amino, di(hydroxyalkyl)amino, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl and aminosulfonylalkyl; and, wherein heterocyclyl is 
further optionally substituted with 1 to 3 0x0 substituents; and, 

R3 is selected from the group consisting of H, alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy. 



In a preferred embodiment of this invention, the compounds are provided 
as pharmaceutical compositions comprising apharmaceutically acceptable 
carrier. 
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The invention further relates to a method for inhibiting the vascular 
endothelial growth factor (VEGF) receptor tyrosine kinase comprising the step 
of administering a therapeutically effective amount of the compounds of this 
invention. In a preferred embodiment, the method is used to treat a disease 
selected from the groi^ consisting of aberrant angiogenesis, tumors, diabetic 
retinopathy, rheumatoid arthritis, endometriosis and psoriasis. 

The invention also relates to a method of treating angiogenesis in a 
subject in need thereof comprising administering a therapeutically effective 
amount of the compounds of this invention. Methods for treating tumors , 
including soUd-tumors is also contemplated in this invention. The invention also 
relates to methods of treating diabetic retinopathy in a subject m need thereof 
comprising admmistering a therapeutically effective amount of a compound of 
this mvention. Further methods for treating rheumatoid arthritis, psoriasis and 
endometriosis in a subject in need thereof comprising administering a 
therapeutically effective amount of the compound of claim 1. 

In a further method of this invention, the invention relates to a method of 
inhibiting the vascular radothelial growth factor (VEGF) receptor tyrosine 
kinase comprising the step of administering a composition of this mvention. 
Preferred diseases associated with this method include abenant angiogenesis, 
tumors, diabetic retinopathy, rheumatoid arthritis, endometriosis and psoriasis. 

The coirpounds of the present invention are useful in treating conditions 
mediated by the activity of the VEGF-R including, but not hmited to, solid- 
tumor cancers, angiogenesis, diabetic retinopathy, rheumatoid arthritis, 
endometriosis and psoriasis. 



BRIEF DESC3UPTION OF THE DRAWINGS 



Figure 1 : A375 cell line tumor growth delay by compound 33. Black 
square represents control samples; Open triangle represents compound 33 used at 
50mg/Kg; Open circle represents compound 33 used at 5 mg/Kg. 



PCT/USOl/29175 

15 

DETAILED DESCRIPTION 

Unless specified oflierwise, the term "aDcyr' refias to a saturated straight, 
branched or cyclic substituent consisting solely of carbon and H containing 1 to 
5 ■ 10 carbon atoms for a carbon chain and 3 to 8 carbon atoms for a cyclic 

substituent; preferably, 1 to 8 carbon atoms for a carbon chain and 4 to 7 carbon 
atoms for a cyclic substiturait; and, most preferably, 1 to 6 carbon atoms for a 
carbon chain and 5 to 6 carbon atoms for a cyclic substituent. The term "lower 
alkyl" refers to an allqrl chain substituent containing 1 to 4 carbon atoms; 
1 0 prefwably, 1 to 2 carbon atoms, where alkyl is defined sttpra. The temi 
"alkenyl" refers to an unsaturated straight, branched or cyclic substituent 
consisting solely of carbon and H atoms containing at least one double bond. 
The term "alkynyl" refers to an unsaturated straight branched or cyclic 
substituent consisting solely of carbon and H atoms containing at least one triple 
15 bond. The term "alkoxy" refers to 0-alkyl where alkyl is as defined ji(pra. The 
term "alkthio" refers to S-alkyI where alkyl is as defined supra. The term 
"carboxyl" refers to an acidic allQrl carbon chain with a terminal COOH group. 
The term "acyl" refers to a carbonyl linking group -C(=0)- with a terminal alkyl 
chain, wherein alkyl is as defined supra. The terms "allcylamino," 
20 "di(alkyl)amino." "(hydroxyalkyl)amino" and "di(hydroxyalkyl)amino" refer to 
a nitrogen heteroatom linking group with a terminal alkyl chain or chains 
(substituted or unsubstituted on the taminal carbon with hydroxy). Alkyl, 
allrenyl, alkynyl and alkoxycarbon chains are substituted, unless indicated 
otherwise, on the terminal carbon atom of the chain. 

25 

The term "cycloalkyl" refers to allq^l, alkenyl and alkynyl cyclic ring 
systems as defined supra. The term •'heterocyclyl" refers to saturated or partially 
saturated ring systems containing 4 to 7 ring atoms wherein at least 1 to 3 atoms 
are ind€?>endently N, S, or O atoms and the remaining ring atoms are C and H. 
30 The term "biheterocyclyl" refers to bicycUc saturated or partially saturated ring 
systems containing 9 to 12 ring atoms wherein at least 1 to 3 atoms are 
independently N, S, or O atoms and the remaining ring atoms are C and H and 
includes bicycUc ring systems comprising a heterocyclyl ring fused to a benzene 
ring. Embodiments for compounds of±e present invention include those 
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wherein heterocyclyl are selected from Zfl'-pyrrole, pym>linyl (selected from 
2-pyrrolinyl, 3-pyrrolinyl), pyirolidinyl, dioxlanyl, 2-imidazolinyl, 
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl, 2/f-pyranyl, 4fl^pyranyl, 
piperidinyl, dioxolanyl, morpholinyl, dithianyl, thiomoipholinyl and piperazinyl. 
5 The term "cycloalkylalkyl" and "heterocyclylalkyl" refera to an alkyl chain 
substituted on the terminal caibon atom with a cycloalkyl and heterocyclyl 
group, respectively; where alkyl, cycloalkyl and het^cyclyl are as defined 
supra. 



The term "aryl*' refers to aromatic ring systems containing 5 to 10 carbon 
atoms and H. The term 'Ijiaryr* refers to bicyclic aromatic ring systems 
containing 9 to 12 carbon atoms and H. The term "arylalkyl"and **biarylalkyr' 
refers to an alkyl chain substituted on the terminal carbon atom with an aryl and 
biaiyl group, respectively; where alkyl, aryl and biaryl are as defined supra. 
Embodiments for compounds of the present invention include those wherein aryl 
and biaryl are selected from phenyl and naphthalenyl. 

The term "heteroaryl" refers to aromatic ring systems containing 5 to 7 
ring atoms wherein at least 1 to 3 atoms are independently N, S, or O atoms and 
20 the remaining ring atoms are C and H. The term 'Tjiheteroaryl" refers to bicyclic 
aromatic ring systems containing 9 to 12 ring atoms wherein at least 1 to 4 atoms 
are independently N, S, or O atoms and the remaining ring atoms are C and H. 
Embodiments for compounds of the present invention include those wherein 
heteroaryl and biheteroaryl are selected from fiiryl, thienyl, pyrrolyl, oxazolyl, 
25 thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, 
tiiiadiazolyl, pyridinyl, pyridazinyl, pyiimidinyl, pyrazinyl, triazinyl, indolizinyl, 
indolyl, isoindolyl, ben2o[b]fiiryI, ben2X)Ib]tiiiophenyl, 1/f-indazolyl, 
benzimidazolyl, benzthiazolyl, quinolinyl, isoquinolinyl and quinazolinyl. The 
term 'Tieteroaiylalkyr'and 'Ijiheteroarylalkyl" refers to an alkyl chain substituted 
30 on the temiinal carbon atom with a heteroaiyl and biheteroaryl group, 

respectively; where alkyl, heteroaryl and biheteroaryl are as defined supra. 

The term "halo" or "halogen" means fluoro, chloro, bromo and iodo. 
"Independently" means that when there is more than one substituent that the 



10 
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substituents may be the same or dififerrat. When a group is "substituted", that 
group may have one or more substituents, preferably from one to five, more 
preferably one to three, and most preferably at least one substituent 
independently selected from the list of substituents provided for the group. 



Abbreviations 

Wor**PH" 
"Boc" 
"Cbz" 
10 "Ts" 
"Fmoc" 
*T(o-tol)3 
•TdCl^CPPh^V 
*Td2(dba)3" 

15 "Pdj(dba)3» 
adduct 

*•D^^AP" 

'T)PPF" 

*T>PPA" 
20 *'OTr 

"OTBS" 

"OTBDMS" 

*TFA" 

triflate 
25 •^AsPPhj" 

•'EDCI" 

•TMEDA" 

•TJATU" 

*TBINAP" 
30 *Td(OAc)2" 

"DMAP" 

"NMP" 

"Cmd" 

"THF" 
35 "CDF 



Phenyl 

^Butoxycarbonyl 

benzyloxycarbonyl 

Toluenesulfonyl 

^-(9-fluorenylmethoxycarbonyl) 
Tri-o-tolylphosphine 

Dichlorobis(triphenylphosphine)paUadium(II3 

Tris(diben2ylideneacetone)-dipalladium(0) 

Tris(diben2ylideneacetone)dipalladium(0)-chloroform 

4-(dimethylamino)pyridine 

1,1 *-Bis(diphenylphosphino)-ferrocene 

Diphenylphosphoryl azide 

Trifluorosulfonyloxy 

/-Butyldimethylsilyloxy 

^Butyldimethylsilyloxy 

Trifluoroacetic acid 

Trifluorosulfonyloxy 

Triphenylarsine 

1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide 
Tetramethylethylenediamine 

a-(7-Azaben2»tria2»l-l.yl)-l,l,3,3-tetramethyluromum 
2,2*-Bis(diphenylphosphino)-l,r-binaphthyl 
Palladium acetate 

Dimethylaminopyridine 
1 -Methyl-2-pyiroIidinone 

Compound 

Tetrahydrofuran 
Carbonyl diimidazoyl 



The terai "subject" includes, widiout limitation, any animal or artificially 
modified animal. In a preferred embodiment, the subject is a human. 
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The compounds of the present invention may also be present in the form 
of phaimaceutically acceptable salts. For use in medicine, the salts of tiie 
compounds of this invention refer to non-toxic **phannaceutically acceptable 
salts" (Ref. International J. Pharm.. 1986, 33. 201-217; J. Pharm.Sci.. 1997 
5 (Jan), 66, 1, 1). Other salts may, however, be usefid in the preparation of 
compounds according to this invention or of their phaimaceutically acceptable 
salts. Representative organic or inorganic acids include, but are not limited to, 
hydrochloric, hydrobromic, hydriodic, perchloric, sulfuric, nitric, phosphoric, 
acetic, propionic, glycolic, lactic, sucomic, maleic, fumaric, malic, tartaric, citric, 

10 benzoic, mandelic, methanesulfonic, hydroxyeflianesulfonic, benezenesulfonic, 
oxalic, pamoic, 2-naphthalenesulfomc,/?-tolupnesulfonic, cyclohexanesulfiimic, 
salicylic, saccharinic or trifluoroacetic acid. Rq)resentative organic or inorganic 
bases include, but are not limited to, basic or cationic salts such as benzathine, 
chloroprocaine, choline, diethanolamme, ethylenediamine, meglumine, procaine, 

1 5 aluminum, calcium, lithium, magnesium, potassium, sodium and zinc. 



To the extent that certain compounds of the present invention may have 
at least one chiral center, flie compounds may thus racist as enantiomers. In 
addition, the compounds of the present invention may also possess two or more 

20 chiral centers and thus may also exist as diastereomers or as exo or endo isomers. 
Where the processes for the preparation of the present compounds give rise to a 
mixture of stereoisomers, these isomers may be separated by conventional 
techniques such as preparative chromatography. Accordingly, the compounds 
may be prepared as a racemic mixture or, by either enantiospecific synthesis or 

25 resolution, as individual enantiomers. The compounds may, for example, be 
resolved from a racemic mixture into their component racemates by standard 
techniques, such as the formation of diastereomeric pairs by salt fonnation with 
an optically active acid, such as (-)-di-p-toluoyl-d-tartaric acid and/or (+).di-p- 
toluoyl-l-tartaric acid followed by fractional crystallization and regeneration of 

30 the free base. The racemic mixture may also be resolved by fonnation of 
diastereomeric esters or amides, followed by chromatographic separation and 
removal of the chiral auxiliary. Altanatively, ttie compounds may be resolved 
using a chiral HPLC column. It is to be understood that all such isomers and 
mixtures thereof are encompassed within the scope of liie present invention. 
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During any of the processes for preparation of the compounds of the 
present invention, it may be necessary and/or desirable to protect sensitive or 
reactive groups on any of the molecules concemed. This may be achieved by 
5 means of conventional protecting groups, such as those described in Protective 
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and 
T.W. Greene & P.G.M. Wuts, Protective Grouns in Organic Svnth^d^ John 
Wiley & Sons, 1 99 1 . The protecting groups may be removed at a convenient 
subsequent stage using methods known fix)m the art. 

10 

Furthermore, some of the crystalline forms for the compounds may exist 
as polymorphs and as such are intended to be included in the present invention. 
In addition, some of the compounds may form solvates with water (i.e., hydrates) 
or common organic solvents, and such solvates are also intended to be 
1 5 encompassed within the scope of this invention. 

The present invention includes compounds that are useful in the 
treatment of diseases associated with the stimulation and presentation of 
inappropriate, abnormal or increased angiogenesis; for example excessive 
20 angiogenesis that is associated with some proliferative diseases or disease states 
including, but not limited to diabetic retinopathy, rheumatoid arthritis, 
endometriosis and psoriasis. 

Inappropriate or abherrent angiogenesis is also associated with cancer, 
25 and in particular, cancers associated with foci of proliferating cells. For 

purposes of this invention the term "cancer"' refers to angiogenesis associated 
with uncontrolled cell proliferation. Cancere can be benign or malignant and 
refers to any group for cells that have lost their normal regulatory controls that 
would otherwise govern the rate of cell growth. Some cancer cells stimulate 
30 ingrowth of the vasculature, also referred to as neovascularization, to facilitate 
survival. Neovascularization further facilitates metastasis. The cancer cells 
spread throughout the body and invade normal tissues where they proliferate and 
form secondary cancers. These masses of cancer cells are also referred to as 
tumors. Tumors, and in particular, solid tumors, require the process of 
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angiogenesis to supply oxygen and nutrients. Without a blood simply a tumor 
can only grow to the size of a few millimeters. Angiogenesis inhibitors inhibit 
neovascularization and are therefor eflGective inhibit cancer cell growth in a 
variety of cancers that require the ingrowth of the microvasculature. Such 
5 tumors include for example, breast cancers, pancreatic cancer, skin cancers, 
including melanomas and basal cell carcinomas, a variety of cancers of the lung, 
prostate cancers, ovarian cancers, brain cancers, liver cancers, renal and hepatic 
cancers, uterine cancers, cancers of the gastrointestinal system, colorectal 
cancers, cancers of the head and neck, including cancers of the moufli and throat, 

10 

In these diseases, aberrant angiogenesis can be controlled through the use 
of angiogenesis inibitors. These inhibitors are molecules that bind to cell 
receptors, generally on endothehal cells, that are known to be associated with the 
formation of neovasculature and inhibit receptor signalling pathways resulting in 
15 an inhibition of neovascularization. Such receptors include the Vascular 

Endothelial Growth Factors, such as VEGF-1, 2, 3 and others described below 
that have been implicated in angiogenesis. 



Pvrazine Derivative Con^poundg 

20 Certain pyrazine compounds, described herein, are useful as tyrosine 

kinase inhibitors, particularly as inhibitors of the kinase domain of VEGF-R 
(Vascular endothelial growth factor receptor-2, Genbank Accession number 
X61656), EGFR (epidermal growth factor receptor), GSK-3P (glycogen synthase 
kinase-3 beta subunit), PDGF-R (platelet derived growth factor receptor), and 

25 FGF.R2 (fibroblast growth factor receptor-2). Preferably, compounds of the 
present invention are selective inhibitors of the VEGF-R. 



Useful inhibitory activity is defined herein as an ICjoof less than 10 pM 
(10 micromolar); preferably, inhibitory activity is less than or equal to 5 \iM; 
30 and, more preferably, inhibitory activity is less than or equal to 1 jiM. Using 

methods well known m the art and/or using the methods provided in tiie example 
in/ray compounds of the present invention may be tested for their ability to 
inhibit the enzymatic activity of other kinases. 
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The present invention provides novel compounds of Formula 1: 

R2 

Formula 1 

or a phaimaceutically acceptable salt thereof, wherein 

5 

Ri is selected from the group consisting of cycloalkyl, heterocyclyl, 

biheterocyclyl, aryl, biaryl, heteroaryl and biheteroaryl optionally substituted 
with 1 to 5 substituents independently selected from the group consisting of 
alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower alkoxy, heterocyclyl, 

1 0 heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, 

heterocyclylalkoxy, aryl, aiylalkyl, aiylalkenyl, aiylalkyny], aiylalkoxy, 
heteroaryl, heteroaiylalkyl, heteroaiylalkenyl, heteroarylalkynyl, 
heteroaiylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, alkylaminoaUcyl, alkylaminoalkylamino, aminoalkyl, 

15 aminoalkylamino, di(alkyl)amino, di(aikyl)aminoaIkyI, 

di(alkyl)aminoaIkylamino, (hydroxyalkyl)aniino, di(hydroxyalkyI)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, aiylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
20 consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), aminosulfonyl, aminosulfouylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, trihalo substituted lower alkyl and trihalo 
25 substituted lower alkoxy; 

A is selected from the group consisting of -'^(R^XCRDx'y -0(CHy^-, -S(CEy^-, 
-SO^CCHj),-, -SO^NCCHj),-. -NSOaCCH^V, -N(R,)(CEy,^0(CBy,., 
-N(R4)(CH2),^NH(CH^^-, -N(R4)CONH(CH2),. and -N(R,)CNNH(CH2),s 
30 wherein x is an integer from 0 to 4; 
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R4 is selected from the group consisting of H, lower alkyl, alkyl, hydroxyalkyl, 
alkoxyalkyl, arylalkyl, lower alkenyl, alkenyl, aryl and heteroaryl; wherein 
aryl and heteroaryl are optiotially substituted with 1 to 5 substituents 
independently selected from the group consisting of OH, halogen, cyauo, 
nitro, amino> alkylamino, di(aIkyl)anadno, (hydroxyalkyl)amino, 
di(hydroxyalkyl)amino, alkyl, lower alkyl, alkoxy, lower alkoxy, 
tri(halo)substituted lower alkyl and tri(halo)substituted lower alkoxy; 

R2 is selected fix>m the group consisting of heteroaryl and biheteroaiyl optionally 
substituted with 1 to 2 substituents independently selected from R7 and 1 
substituent selected from Rg; 

R7 is selected from the group consisting of alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkyisulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substitut6d lower alkoxy; 

is selected from the group consisting of alkyl, OH, hydroxyalkyl, halogen, 
cyano, amino, alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, 
di(hydroxyalkyl)amino, carbamoyl, alkylcarbonylamino, alkylcarbonyl, 
alkoxycarbonyl, (hydroxyaIkyl)carbonyl, Giydroxyalkoxy)carbonyl, 



0(CHAR5, 0(CH^,0(CH2) 0(CH2)„CH[(CH^ Jl,]„ 
0(CH^J^[(CH2) OCONKCH2) NH(CH2)„R„ NH(CH2)„CH(R5)j, 
NH(CH^,S02(CH^^, NHCCH^nOCCH^) ^(CH^nOCUKCH^Ji,],, 
NH(CH3),0(aEy ^OCCH^)^, NH(CH^,N[(CHO 
NH(CH2),S02NH(CH2) NH(CH2)nCH(OH)(CH^ Jl^, 
NH(CHACH(0H)(CH^^0R5, NH(CH2)„CH(OH)(CH^^[(CH^ Jl,]^, 
NH(CH^„CO(CH2)^N[(CH,)^]^ NHiCKdnCO^iCH^)^^. 
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NH(CH^„CO(Ciy ^SO^NHCCiy JR^, NHCO(CHj)„CH(R5)2, 
NHCO(CH2)^, NHCO(CH2)„0(CH2)«R5. 

NHCO(CH2)„0(CH2)„0(CH2) Jls, NHCO(CHAO(CHj)„CO(CH2)„A, 
NHCO(CH2)„N[(CH2)^L, C0NH(CH^,0(CH2) Jl,, and 
CONH(CH2)„N[(CH2) Jl5]2; wherein n is an integer from 0 to 6 and m is an 
integer from 0 to 4; witti the proviso, that m is at least 1 when R5 is selected 
from the group consisting of OH, amino, alkylamino and di(alkyl)amino; 

R5 is selected from the group consisting of H, OH, lower alkyl, amino, 

alkylamino, di(alkyl}amino, aiyl, heta-oaryl, biheteroaiyl and heterocyclyl; 
wherein aryl, heteroaryl and heterocyclyl are optionally substituted with 1 to 
3 substituents independently selected from the group consisting of alkyl, 
lower alkyl, acyl, caiboxyl, aiyl (optionally substituted with 1 to 5 halogen 
substituents), OH, halogen, cyano, amino, alkylamino, di(aDq^l)amino, 
(hydroxyalkyl)amino, di(hydroxyalkyl)ammo, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl and aminosulfonylalkyl; and, wherein heterocyclyl is 
further optionally substituted with 1 to 3 0x0 substituents; 

R3 is selected from the group consisting of H, alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aiyl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy. 



Preferred embodiments for compounds of the present invention include 
compounds of Formula 1 selected from a compound of Fomiula 2; 
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Formula 2 

wherein all variables are as defined previously. 

5 Embodiments for compounds of the present invention include 

compounds of Formula 1 wherein Ri is selected from the group consisting of 
cycloalkyl, heterocyclyl, biheterocyclyl, aryl, biaryl, heteroaryl and biheteroaryl 
optionally substituted with 1 to 5 substituents independently selected from the 
group consisting of alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower alkoxy, 

10 heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, aryl, arylalkyl, aiylalkoxy, 
heteroaryl, heteroarylalkyl, heteroarylalkoxy, OH, hydroxyalkyl, halogen, cyano, 
nitro, amino, alkylamiuo, alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, 
aminoalkylamino, di(alkyl)amino, di(alkyl)aminoallcyl, 
di(alkyl)aminoalkylamino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 

15 carbamoyl, acyl, alkoxycarbonyl, aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, trihalo 
substituted lower alkyl and trihalo substituted lower alkoxy. 

20 Preferably, Rj is selected from the group consisting of aryl optionally 

substituted with 1 to 5 substituents independently selected from the group 
consisting of lower alkyl, lower alkoxy, heterocyclyl, heterocyclylall^l, aiyl, 
arylalkyl, heteroaryl, heteroarylalkyl, OH, halogen, cyano, amino, alkylamino, 
alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, aminoalkylamino, 

25 di(aIkyl)amino, di(alkyl)aminoalkyl, di(alkyl)aminoalkylamino, carbamoyl, acyl, 
alkoxycarbonyl, aminosulfonyl, aminosulfonylalkyl, alkylaminosulfonyl, 
alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, di(alkyl)aminosulfonylalkyl. 
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carboxyl, trihalo substituted lower alkyl and trihalo substituted lower alkoxy. 

More preferably, Rj is selected jfrom the group consisting of phenyl 
optionally substituted with 1 to 5 substituents independently selected from the 
5 group consistmg of lower aUcyl, lower alkoxy, OH, halogen, cyano, amino, 
alkylamino, alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, 
amiaoall^lamino, di(alkyl)amino, di(alkyl)aminoaIkyl, 
di(aIkyl)aniinoa]kylamino, carbamoyl, acyl, alkoxycarbonyl, aminosulfonyl, 
aminosulfonylalkyl, alkylaminosulfonyl, alkylaminosulfonylalkyl, 
10 di(alkyl)aminosulfonyl, di(alkyl)aminosulfonylalkyl, carboxyl, trihalo 
substituted lower alkyl and trihalo substituted lower alkoxy. 



Most preferably, Rj is selected from the group consisting of phenyl 
optionally substituted with 1 to 5 substituents independently selected from the 
15 group consisting of methoxy, chlorine and fluorine. 

Preferred embodiments for compounds of the present invention include 
compounds of Formula 1 wherein A is selected from the group consisting of 
-N(R,)(CH2V, -OCCiy,-, -S(CHA-, ^SOaCCH^V, -SO^NCCHA-, -NSO^CCH,),-, 
20 -N(R,)(CH,),^0(CH,X- and -N(R^)(CH2),^NH(CH2),s wherein x is an integer 
from 0 to 3. 



More preferably, A is selected from the group consisting of 
-N(R,)(CH,V, -0(CKy,., .S(CH,V, -SO,(CH^,^, -SO,N(CH,),-, -NSO^CCH,),-, 
25 -N(R,)(CH2),^0(CH2),- and -N(R4)(CH2),^NH(CH2),s wherein x is an integer 
from 0 to 1. 



Most preferably, A is selected from the group consisting of -NCR^XCHj)^- 
and -OCCBy^-; wherein x is an integer from 0 to 1; 

30 

Preferred embodiments for compounds of the present invention include 
compounds of Formula 1 wherein R4 is selected from the group consisting of H, 
alkyl, lower alkyl, alkoxyalkyl, alkenyl, lower alkenyl, hydroxyalkyl, aryl, 
arylalkyl and heteroaryl. 
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More preferably, R4 is selected fix>m the group consisting of H, lower 
alkyl and hydroxyalkyl. 

5 Most preferably, is H. 

Embodiments for conqjonnds of the present invention include 
compounds of Formula 1 wherein is selected fix>m the group consisting of 
heteroaryl and biheteroaryl optionally substituted with 1 to 2 substituents 
10 independently selected from R7 and optionally substituted with 1 substituent 
selected from Rg; wherein R, is substituted on the 2 or 6 position from the point 
of attachment ofK^; and, wherem Rg is substituted on a carbon atom at the 4 or 5 
position from the point of attachment of R^, 

15 Preferably, R^ is selected from the group consisting of heteroaryl 

optionally substituted with 1 substituent selected from R7 and substituted with 1 
substituent selected froin Rg; wherein R7 is substituted on the 2 or 6 position 
from the point of attachment ofB^; and, wherein Rg is substituted on a carbon 
atom at the 4 or 5 position from the point of attachment of Rj. 

20 

More preferably, Rj is selected from the group consisting of thienyl, 
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 
pyridinyl, pyridazinyl, pyrimidinyl and pyrazinyl optionally substituted with 1 
substituent selected from R7 and substituted with 1 substituent selected from R^; 
25 wherein is substituted on the 2 or 6 position from the point of attachment of 
R^; and, wherein Rg is substituted on a carbon atom at the 4 or 5 position from 
the point of attachment of R^. 

Most preferably, Rj is selected from the group consisting of pyridinyl, 
30 pyridazinyl, pyrimidinyl and pyrazinyl optionally substituted with 1 substituent 
selected from R7 and substituted with 1 substituent selected from Rg; wherein R, 
is substituted on the 2 or 6 position from the point of attachment of R2; and, 
wherein Rg is substituted on a caibon atom at the 4 or 5 position from the point 
of attachment of R^. 
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Preferred embodiments for compounds of the present invention include 
conq>ounds of Formula 1 wherein R, is selected from the group consisting of 
lower alkyl, lower alkoxy, heterocyclylalkjrl, aiyl, aiylalkyl, OH, hydioxyallqrl, 
halogen, cyano, nitro, amino, alkylamino, di(alkyl)aniino, ChydioxyallQrl)anaino, 
di(hydroxyaIkyl)aimno, acyl, carboxyl, tri(halo)8ubstituted lower aUsyl and 
tri(halo)substituted lower alkoxy. 

More preferably, Kj is selected from the group consisting of lower alkyl, 
OH, halogen, cyano, nitro, amino, triOialo)substituted lowor allqrl and 
tri(halo)substituted lower alkoxy. 

Most preferably, R, is selected from the group consisting of methyl, 
ethyl, OH, bromine, chlorine, fluorine, cyano, nitro, amino, tcifluoromethyl and 
trifluoromethoxy. 

Preferred embodiments for compounds of the present invention include 
compounds of Formula 1 wherem R, is selected from tihe group consisting of 
OH, amino, (hydroxyalkyl)amino, alkoxycarbonyl, OCON[(CH2)^]2, 
NH(CHj)^. NH(CH^,CH(R,)^ NH(CHASO,(CH^^, NH(CH2)„0(CHj)^, 
NH(CH2)„0CH[(CH,)^L, NH(CH^„0(CH,)„0(CH,)^, 
NH(CHj)J^[(CHj) NH(CHj)„SOjNH(CHj) Jlj, 
NH(CH3)„CH(OH)(CHj)„R„ NH(CHj)„CH(OH)(CH2)„OR5, 
l^(CH3)„CH(OH)(CH^ J^fCCH^) Jl,],, NH(CH0„CO(CH,)^[(CH^^^^ 
NH(CH^„CO,(CH^ Jl„ NH(CHJ„CO(CH,)„SOaNH(CHj)^, NHCO(CH2).R5, 
NHCO(CHj)„0(CH^„R„ NHC0(CH,)„0(CH^)„0(CH2) Ji,. 
NHCO(CH^„0(CH^„CO(CH^^. CONH(CHj)„0(CH^^ and 
CONH(CH2)„N[(CHj)„^]2; wherein n is an integer from 0 to 6 and m is an 
intego: from 0 to 4; with the proviso, that m is at least 1 when R5 is selected from 
the group consisting of OH, amino, alkylamino and di(alkyi)amino. 



More preferably, Rg is selected from the group consisting of OH, amino, 
(hydroxyalkyl)amino, alkoxycarbonyl, OCONKCH^) Jljjj, mi(CII^^, 
NH(CHj)„CH(R,)2, NH(CH^„SO,(CHa)^. NH(CHj)„0(CHa) Jl^, 
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NH(CH,)„OCH[(CH,)„^]„NH(CH^,0(CH,)„0(Ciyjl,. 
NH(CH2);^[(CJy^]j. NH(CHy„SO^(CEy Jl,. 
NH(CH2)„CH(OH)(CH2) JRs, NH(CH^.CH(OH)(CH2)„ORs. 
NH(CH^„CH(OH)(CH2) J^[(CH^^],. NH(CKy„CO(CH0n.N[(CH^ 
5 mHCH^S:0,(CH^, NH(Ciy.CO(CHj)„SO^(CHa)Jl„ NHCO(CHj)JE^, 
NHCO(CHa)„0(CHa)JR„ NHCO(CH3).0(CH2)„0(CHj) jg, 
>raCO(CH^„0(CH^„CO(aEJj) J?^. CONH(CH^.O(CH^ Jl, and 
CONHCCHy^KCHj)^],; wherein n is an integer fiom 0 to 5 and m is an 
integer from 0 to 2; with tfie proviso, that m is at least 1 when Rj is selected from 
10 the groiq)cxmsistingofOH, amino, allgrlanuno and di(a]]Q'l)amino. 

Most preferably, R, is selected from the group consisting of OH, amino, 
(2-hydroxyefliyl)amino, (3-hydroxy-/»-propyl)amino, (4-hydioxy.«-butyl)anmio, 
ethoxycarbonyl. 0COi^(R,)^ mi(CH^,JB^, NH(CHj), ^SOjCCHaV.R,, 
15 NH(CH2),^0(CHj)o.,R5. ^(Cadi^OCH.[(CR^,M^, 

>M(CH^,-30(CH2),.20(CH2),.,R,,ira(CH2),^N[(CHj)o.,R5]2. 
NH(CH^,^S02NH(CHj),.jRj, NH(CHj),^CH(OH)(CH2),.jRj, ' 

Mi(aH^,^CH(OH)(CH^,.,OR5,l^(CH2),^CH(OH)(CH,),.,N[(CH^^ 

^ra(CH2),^CO(CHa)o.,N[(CHyo.,R5]2.NH(CHj),.3CO,(CHOo.,R5, 
20 NH(a3^,^CO(CH2),.jSO^(CH2),.2R5, NHCO(CH3)o.,R,. 

NHC0(CH2),.,O(CH2)„R5,NHCO(CH,),.,0(CH,),.,0(CHj),.2Rs. 
NHCO(CHj),.20(CHj)o.,CO(CHj),.jR,. CONH(CH2),.30(CH2)o.2R5 and 
CONH(CH2),.3N[(CH2),.2Rj]2; with the proviso, that the Rj alkylene linking 
group is at least methylene when Rj is selected from the group consisting of OH, 
25 amino, alkylamino and di(alkyl)amino. 

Preferred embodiments for compoimds of the present invention include 
compounds of Formula 1 wherein Rj is selected from the group consisting of H, 
OH, lower alkyl, amino, alkylamino, di(aIkyl)amino, aryl, heteroaiyl and 
30 heterocyclyl; wherein aryl, heteroaryl and heterocyclyl are optionally substituted 
with 1 to 3 substituents independaitly selected from the group consisting of 
lower alkyl, acyl, carboxyl, aiyl (optionally substituted with one halogen 
substituent), di(aU<yl)amino; alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl 
and aminosulfonylaUcyl; and, wherein heterocyclyl is further optionally 
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substituted with 1 to 3 oxo substituents. 



More preferably, R5 is selected from the group consisting of H, OH, 
lower alkyl, heteroaryl and heterocyclyl; wherein heterocyclyl is optionally 
5 substituted with 1 to 3 substituents independently selected from the group 
consisting of lower alkyl, acyl, carboxyl, aryl (optionally substituted with one 
halogen substituent), di(alkyl)amino, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl, aminosulfonylalkyl and 0x0. 

10 Most preferably, R5 is selected from the group consisting of H, OH, 

methyl, ethyl, Nbutyl, 1/f-azetidmyl, 1/f-pyrrolidinyl, 4-tetrahydro-Zfir-pyranyl, 
hexahydro-l/f-azepinyl, 1,3-dioxolanyl, l,3-dioxanyl,piperidinyl, piperazinyl, 
imidazolyl, pyrazolyl, triazolyl and pyridinyl; wherein 1,3-dioxolanyl, 1,3- 
dioxanyl, piperazinyl and piperidinyl are optionally substituted with 1 to 2 
15 substituents independently selected from the group consistmg of methyl, acetyl, 
carboxyl, phenyl (optionally substituted with chlorine), di(methyl)amino, 
methylsxilfonyl, methylaminosulfonyl and 0x0. 

Preferred embodiments for compounds of the present invention include 
compounds of Formula 1 wherein R3 is selected from the group consisting of H, 
lower alkyl, lower alkoxy, OH, halogen, cyano, amino, alkylamino and 
di(alkyl)amino. 

More preferably, R3 is selected from the group consisting of H, lower 
alkyl, lower alkoxy, OH, halogen, amino and di(alkyl)amino. 

Most preferably, R3 is selected from the group consisting of H and 

methyl. 

Preferred embodiments for compounds of the present invention include 
those compounds of Formula 1 selected from the group consisting of: 
Cmd 

4 3-[[5-[6-[(3-chIorophenyl)amino]pyra2inyI].3-pyridinyl]amino]-l-propanol 

5 6-(5-anuno-3-pyridinyl)-JV^(3-chlorophenyl)-2-pyrazinamine 



20 



25 
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10 3-[[5-[2-[(3-cUorophenyl)aimno]-6-methyl-4-pyrimid^ 
pyridinyl]amino]- 1 -propanol 

3 1 2-[[5~[6-[(3-cWorophenyl)amino]pyra2myl]-3-pyridmyl]amino]-eth 

32 4-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl]-3-pyridinyl]a^ 

33 iS^-[5.[6-[(3-cMorophenyl)ammo]pyrazmyl]-3-pyridm 
ethanediamme 

34 iN^[5-[6-[(3-chlorophenyl)ainino]pyrazinyl]-3-pyridinyy 
morpholinepropanamine 

35 iV*-[5-[6-[(3-chlorophenyl)airdno]pyi:azinyl]-3-pyridm 
propanediamine 

41 iV-[5-[6-[(3-cUorophenyl)amino]pyrazinyl]-3-pyridinyl]-^^ 
acetaxnide 

43 iV^[5-[6-[(3-cMoit)phenyl)amino]pyrazinyl]-3-pyridinyl]-3- 
pyridinecarboxaixiide 

52 3-[[5-[6-[(3-fluorophenyl)ainm6]pyrazinyl]-3-pyridinyl]ainino]- 1 -propanol 

57 3-[[5'-[6-[(3-methoxyphenyl)aniino]pyra2myl]-3-pyrid^ 

62 34[5-[6-[(phenylmethyl)animo]pyrazinyl]-3-pyridi^^^ 

69 iV^(3-chlorophenyl)-6-[5-[[3-(l-piperazmyl)propyI]ainino 
pyrazinamine 

70 iV-(3-cmorophenyl)-6-[5-[[4-(4-pyridinyl)butyl]arD^ 
pyrazinamine 

71 J^^(3-cWo^ophenyl)-6-[5-[[3-(4-pyridinyl)p^opyl]a^lino]-3-pyrid^ 
pyrazinamine 

72 JV.(3-cmorophenyl>6-[5-[[3-(3-pyridinyl)propyl]anaino]-3.pyridinyl] 
pyrazinamine 

74 iV'-[5-[6-[(3-chlorophenyl)aniino]pyrazinyl]-3-pyridinyl]-l- 
pyrrolidinecarboxamide 

75 iV^(3-chlorophenyl)'6-[5-[[3-(li/-pyrazol-l-yl)propyl]a^ 
pyrazinamine 

76 ^'<3-cmorophenyl).6-[5-[[3-(l^-l,2,4-triazol-l-yl)propyl]amino]-^ 
pyridinyl]-2-pyrazinainine 

77 //-(3-cmorophenyl>6-[5-[[3-(lif-imidazol-l-yl)pK)pyl]an^ 
pyrazinamine 

78 2-[2"[2-[[5-[6-[(3-chloix>phenyl)amino]pyrazinyl]-3- 
pyridinyl]amino]etiioxy]ethoxy]-ethanol 

79 //-(3-cmorophenyl)-6<5-[[(tetrahydr<>-2H-pyran-4-yl)methyl] 
pyridinyl]-2-pyrazinamine 

84 4-[[5-[6-[(3-cUoiophenyl)amino]pyrazinyl]-3-pyridinyl]amino]-bu^ acid 
ethyl ester 

85 A^<3-cMorophenyl>6-[5-[[2-(2-methoxyethoxy)ethyl]anuno]-3-^ 
pyrazinamine 

88 iV-(4-methoxyphenyl)-6-[5-[[3-(4-pyridinyl)propyl]aniino]-3-^ 
pyrazinamine 

89 iV-(3,4.dicMorophenyl)-6-[5.[[3-(4-pyiidinyl)propyl]amino]0-pyrid 
pyrazinamine 
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90 3-[[6'-[(3-cWorophenyl)ainino][2,2*.bipyrazin]-6-yl]ammo]- 

93 3-[[4-[6-[(3-cMorophenyl)ammo]pyi;azinyl]0-pyriciinyl]ar^ 

95 3-[[5-[6<(3-cWorophenyl)ainino]pyra2inyl]-2-lMazolyl]am^ 

98 iV-[5-[6-[(3-cUorophenyl)aimno]pyrazinyl]-3-pyridm 
methoxyefhoxy)-acetamide 

102 A^-[5-[6-[(3-cMorophenyl)amino]pyrazmyl]-3-pyridin^^^ 

103 ^-[5-[6-[(3-cWorophenyl)amino]pyrazinyl]-3-pyridinyl]-3-^^ 
propanamide 

and 

105 ^-[5-[6-[(3-cWorophenyl)aimno]pyiazmyI].3-py^ 
Intermediates 

The present invention also is directed towards compounds used to 
synthesize the compounds of Formula I. Thus, the present invention provides 
intermediate compounds of Formula 3: 




"O2R6 

Formula 3 

wherein 

Halo is selected from the group consisting of chloro, fluoro, bromo and iodo; 

Heteroaiyl is selected from the group consisting of thienyl, furyl, pyrrole, 
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazoly], isothiazolyl, 
oxadiazolyl, triazolyl, thiadiazolyl, 2^f-pyranyl, pyridinyl, pyrazinyl, 
pyridazinyl, pyrimidinyl, indolizinyl, isoindoyl and Si^-indolyl; 

"a" is the position of attachment for Heteroaryl to the pyrazme ring and is 
the position of attachment for COjR^ to the Heteroaryl ring wherein "a'' and 
'"b" are carbon atoms; 



20 R5 is lower alkyl; and. 
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all other variables are as defined previously. 

In particular, the present invention provides an intermediate useful in the 
synthesis of substituted S-pyridinyl-pyrazine derivatives of the formula: 

Rio 



5 




wherein 

R,o is a protectmg group selected firom the group consisting of t-butoxycaibonyl, 
benzyloxycarbonyl, and i!f-(9-fIuorenylmethoxycarbonyl); and, 

1 0 all other variables are as defined previously. 

NomgncJi^tur^ 

Compounds are named according to nomenclature well known in the art, 
exemplified using ring numbering as follows: 



15 




3-[[5-[6-[(3-cMorophenyl)amino]pyrazinyl]0-pyridinyl]amino]-l-prop^^^ 
Names can be generated using a nomeclature system based on this example, or 
may be generated using commercial chemical naming software, preferably 
ACD/Index Name (Advanced Chemistry Development, Inc., Toronto, Ontario). 



General Synthetic Schemes 

The invention can be better understood by way of the following schemes. 
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These schemes are representative of the preferred synthetic methods, but are not 
to be construed as limiting the scope of the invention. 



A mixture of S-bromonicotinate Compound lA (substituted or 
unsubstituted with Ry), bis(tributyltm), palladium acetate, tri-o-tolylphosphine 
and triethylamine in a suitable solvent, such as acetonitrile, is stined under 
nitrogen- The cooled reaction mixture is filtered, washed, and the mixture is 
concentrated imder vacuum. The residue is diluted with a suitable solvent, such 
as dichloromethane, washed with a suitable aqueous solvent, and concentrated. 
The residue is further diluted with a suitable solvent, such as hexane, filtered, 
and the filtrate is concentrated. The product is purified by column 
chromatogrjq)hy to give Compound IB. A mixture of Compound IB, 2, 6- 
dichloropyrazine (Compound IC), dichloro-bis(triphenylphosphine)palladium 
and LiCl in anhydrous toluene is stiired under nitrogen. The cooled reaction 
mixture is concentrated under vacuum. Aqueous solvent is added to the residue 
and stirred and then extracted with a suitable solvent, such as dichloromethane. 
The combined solution is filtered, dried, and concentrated. The product is 
purified by column chromatography to give Conq)ound ID as an off-white solid. 



A mixture of Compound ID, Compound IE, Pd2(dba)3, DPPF, and 
CS2CO3 in anhydrous dioxane is stirred under nitrogen. The reaction is cooled 
and a suitable solvent, such as dichloromethane, is added. The diluted reaction is 
filteredi washed with more solvent, and the combined filtrate is concentrated to 



Scheme 1 
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give Compound IF. The Compound IF is diluted with a small amount of a 
suitable solvent, such as dichloromethane. The solid is collected throu^ 
filtration, and the filtrate is concentrated. The Compound IF may be 
recrystallized from EtOAc/hexane, 



10 



15 



A mixture of Compound IF, BocjO, and DMAP in a suitable solvent, 
such as dichloromethane is stirred. The reaction mixture is concentrated and the 
product is purified by coluimx chromatography (EtOAc/hexane as solvent) to 
give Compound IG. 



Boc 



1D 



Pd2(dba)3. 
DPPF 



B0C2O 



H2N-R1 
1E 




N-R, 



COaEt 



1G 



1G 



IN NaOH 




Boc 

N— R 



COgEt 



Boc 



t-BuOH, 
DPPA 



CO2H 




,N— Ri 



NHBoc 



Conqpound IG is dissolved in a suitable solvent, such as methanol, and 
stirred, and then cooled to about 0 "C. A NaOH(,^ (1 N) solution is added slowly 
and the mixture is stirred at about 0 "C, followed by stirring at about 20 "C. 
Glacial acetic acid is slowly added to ttie reaction mixture at about 0 "C followed 
by the addition of water. A solid is formed, and is collected through filtration, 
washed with water, and then dried in a vacuum oven to give the carboxyKc acid 
COnqK}und IH. 



A mixture of the carboxylic acid Compound IH, DPPA, triethylamine, 
and t-BuOH in toluene is stirred under nitrogen at about 70 "C, and tiien stirred 
at about 100 °C. The reaction mixture is concentrated under vacuimi. The 



wo 02/24681 



35 



PCT/USOl/29175 



product is purified by column chromatography to give Compound IL 



10 



15 



Scheme 1 Alternate Subs tituent Pattern m 

A mixture of Compound II, (haloalkoxy)-t-butyl-dimethylsilane, and 
CS2CO3 in DMF is stirred at about 70 °C under nitrogen. The reaction mixture is 
diluted with water, extracted, dried, and concentrated. The product is purified by 
column chromatography to give a silylated-product. The silylated-product is 
dissolved in a suitable solvent, such as TFA, stirred, and then concentrated. An 
ammonium hydroxide solution is added to the residue until the pH is about 10- 
1 1, water is added, and a solid is formed. The solid is collected through 
filtration, washed with water, and dried under vacuum to give Compound IJ, 
Alternatively, the same procedure can be perfomied wifii a substituted 
aminoalkylhalo replacing the Oialoalkoxy)-t-butyl-dimethylsilane to yield 
Compound IK. 



11 



CI(CH2)nOTBDMS 
or Br(CH2)nOTBDMS 

TFA 




I— Ri 



NH(CH2)nO(CH2)mR6 



or 



11 



CI(CH2)nN[(CH2kR5]2 



TFA 




— R, 



NH(CH2)nN[(CH2)mR6]2 



IK 



Scheme 1 Alternate Substi tuent Pattern #2 

Compound II is dissolved in anhydrous THF at about 0 °C and NaH is 
20 added (60% oil dispersion). R5(CH2)nCOCl is added and the reaction is stirred at 
about 0 °C under Nj, and then allowed to warm up. NH4Cl(,q) is added to quench 
the reaction. Solvent is removed and the product is extracted into CHjClj, 
washed with water, and dried. Product is purified by column chromatography to 
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give a solid. The product is dissolved in a solvent, such as TFA, stirred , and 
concentrated. An ammonium hydroxide solution is added to the residue until the 
pH is about 10-1 1 and a solid is formed. The solid is collected through filtration, 
washed with water and dried undo: vacuum to give Compound IH. 
5 Alternatively, the same procedure can be performed with R5(CH2)„0(CH2)„C0C1 
replacing R5(CHj)„COCl to yield Compound 1L2. 

HN— Ri 

CICO(CH2)nR5. 
NaH 

II ^ 

TFA "'^'^NHCO(CH2)nRs 




or 



1L1 
HN— Ri 



HN 

CICO(CH2)nO(CH2LR5. R^^ 

TFA ^^NHCO(CH2)nO(CH2),„R5 

1L2 



Scheme 1 Alternate Su bstituent Pattern # 3 

A mixture of Compound IH, alkoxyamine (NH2(CH2)„0(CH2)Rj), 
diisopropylethylamine and HATU in DMF is stiired under Nj. Solvent is 
removed and the product is purified by column chromatography to generate a 
solid product. The solid is dissolved in a suitable solvent, stirred, and 
concentrated. An ammonium hydroxide solution is added to the residue until the 
pH is about 10-11. The solid is collected through filtration, washed with water 
and dried under vacuum to give the final, purified produc t of Compound IN. 
Alternatively, using a substituted aminoalkylamine Qm/CHj)^l(CH3)JLs]^ in 
this scheme yields Compound IM, 
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HN— Ri 



1H 



H2N(CH2)nN[(CH2UR5]2. 

HATU 
^ I 



TFA 



•CONH(CH2)nNr(CH2LR5]2 



1M 



or 




HN— Ri 



H2N(CH2)nO(CH2),nR5. 
HATU 



R3 
Ry-i^ 



1H 



TFA 



CONH(CH2)nO(CH2)mRs 



Scheme 1 Altemate Substituetit Patf spi Ud 

A mixture of Compound II, substituted alkylchloride (Cl(CHj)„R5) and 
5 CS2CO3 in DMF is stirred under Nj. The reaction mixture is diluted with water, 
eactracted with ether, dried with Na2S04 and concentrated. The product is 
purified by column chromatography, dissolved in TFA, stirred, concentrated and 
ammonium hydroxide solution is added to the residue until the pH is about 10- 
1 1 . The aqueous layer is extracted, dried, concentrated and purified by column 
10 chromatography to give the final, purified product Compound lO. 



Scheme 2 

3-Pyridyl diethyl carbamate (Compound 2B) (1.0 g, 5.1 mmol) is 
prepared using commercially available Compound 2A and standard methods 
15 (Wuest, H.M., Sakal, E.H. J Am Chem Soc 73 1210 1951) and is dissolved in a 
suitable solvent. This is cooled to about -78 "C, and then sec-BuLi and TMEDA 
are added under nitrogen. The reaction mixture is stirred at about - 78 "C. 
Trimethyltin chloride in anhydrous solvent is added slowly and the reaction is 




HN— Ri 



11 
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allowed to warm up. NH4Cl(3q) is added to quench the reaction and the product is 
extracted, dried, and concentrated under vacuum. The product is purified by 
column chromatography to provide Compound 2C. 

R7-9- T . V ^ «^ J Sec-BuLi. p -jC T 

' Sj^ (C2H5)2NCoci ^n-^ tmeda ^^kJ 

^ ^ N 

5 2A 2B MeaSnCI 2C 



A mixture of Compound 2C, 2, e-dichloropyrazine (Compound IC), tris- 
2-furyl phosphine, Cul, and Pd2(dba)3 in anhydrous NMP is stirred under 
10 nitrogen. The reaction is cooled and then concentrated under vacuimi. The 
product is purified by column chromatography to give Compound 2D. 

H 



20 




,^0C0NEt2 1E " J^OCONEtj 



Pd2(dba)3, Pd2(dbi 



Cul 2D DPPF 2E 



,(dba)3, '^'"^J 



15 A mixture of Compound 2D, Compound IE, Pd2(dba)3. DPPF and 

CS2CO3 in anhydrous dioxane is stirred under nitrogen. The reaction is cooled 
and a suitable solvent, such as dichloromethane, is added. The diluted reaction is 
filtered, washed with more solvent, and the combined filtrate is concentrated to 
give Compound 2E. Compound 2E is diluted with a small amoimt of a suitable 

20 solvent, such as dichloromethane. The solid is collected through filtration and 
the filtrate is concentrated. Compound 2E is then dissolved in a suitable solvent, 
such as methanol, stirred and cooled to about 0 °C. A NaOH^.^ solution is added 
slowly arid the mixture is stirred first at about 0 "C and tiden stirred at about 20 
"C. Glacial acetic acid is slowly added to the reaction mixture at about 0 'C 

25 followed by the addition of water. A soUd is formed, and is collected ttuough 
filtration, washed witii water, and flien dried in a vacuum oven to give 
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Compound 2F is dissolved in a cooled suitable solvent^ such as in 
anhydrous CHjClj (5 mL) at 0°C, and (CF3S02)20 and triethylamine are added. 
The reaction is stirred under nitrogen and then concentrated under vacuum. The 
product is piorified by column chromatography to give the triflate Compound 
2G. 



Compound 2G is dissolved in solvent and treated with BoCjO and DMAP 
10 by mixing the reaction under nitrogen. The solvent is removed under vacuum 
and the product is purified by column chromatography to give Compound 2H, 



H 

N-Ri 



2E 



10%NaOH 




OH 

(CF3S02)20 




IS Scheme 3 

A mixture of Compound 3 A, 4-iodopicoliidc acid (hemi-hydroiodide 
hydrate) and GDI in THF is stirred. The reaction mixture is cooled, and then a 
solvent, such as methanol, is added. Next triethylamine is added slowly. The 
reaction is stirred and then concentrated xmder vacuum. The product is purified 
20 by column chromatography to give Compound 3B as a solid. A mixture of 
Compoimd 3B, bis(tributyltin), palladium acetate, tri-o-tolylphosphine and 
triethylamine in a suitable solvent such as acetonitrile is stirred under nitrogen. 
The cooled reaction mixture is concentrated under vacuum. The residue is 
purified by colunm chromatography to give Compound 3C. 



25 
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I.SOCI2. I Sn(n-Bu)3 

aCHgOH hexabutylditin 
»- R7-3- 1 R7-it~ JL 

~ 2. 57% HI ^N*^CO,Me PdCOAc),. N^C 



N'^COzH 2. 57% HI ^N^COaMe Pd(OAc)2. N "COaMe 

3A 3. GDI 3B P(o-tol)3 3c 

A mixture of Compound 3C, 2,6-duodopyrazine Compound 3D, 
Pd2(dba)3, and triphenylarsine in THF is stirred at reflux under nitrogen* 
5 Aqueous solvent is added and stirred and then extracted witibi a suitable solvent, 
such as dichloromethane. The product is purified by colnnm chromatography to 
give Compoimd 3E as a solid. A mixture of Compound 3E, Compound IE, 
Pd3(dba)3, DPPF, CsjCOa in anhydrous dioxane is stirred under nitrogen. The 
reaction mixture is concentrated under vacuum and purified by column 
10 chromatography to give Compoimd 3F. 

I 3D 1E R3 Y 




Pd2(dba)3. ' ^N^CO^Me ^^^^^^^^^ "^N^COaMe 



Scheme 4 

A mixture of 2-methoxy-6-(tributyltin)pyridine (Compound 4 A), 
) 15 Compound SB, Pd2(dba)3, triphenylarsine, and THF is refluxed under nitrogen. 

The product is purified by column chromatography and recrystallized fi-om a 
solvent, such as hexane, to give a solid Compoimd 4B. A mixture of Compound 
4B and pyridine hydrochloride is heated under nitrogen. The mixture is cooled, 
and then triturated in a mixture of a suitable solvent, such as dichloromethane, 
20 and 30% ammonium hydroxide. Then the solvent is removed under vacuum. 
Solids are collected through filtration and dried under vacuum to give 
Compoimd 4C. 
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Sn(n-Bu)3''3 
N 



Boc 



CI 5B 



Boc 

N-Ri 



pyridine HCI 



AsPPha ^"^OCHa 
4B 




4A 



Scheme 5 Intermediate Pmdnr.t ';Tt 

PaUadium acetate, BINAP, f-BuONa, 2,6-dichloropyrazme (Compound 
IQ, and Compound IE in a solvent is stirred at about 80 "C for about 22 hours 
under Nitrogen. CHjClj is added, the reaction mixture is filtered through celite, 
and the solvent is evaporated. Product is purified by column chromatography to 
give Compound 5A. A mixture of Compound 5A, BoCjO, and DMAP in a 
suitable solvent, such as dichloromethane, is stirred at about 20 "C for about 16 
hours. The reaction mixture is concentrated and the product is purified by 
column chromatography to give Compound SB. 



H2N— ^ ^'^^ 

BINAP CI CI 

5A 5B 

15 Scheme 5 Alternative Substitution Patter n #1 TTainp PaUadium nhemistrv 

A mixture of Compound IB, a dihaloheteroaryl compound, dichloro- 
bis(triphenylphosphine)palladium and LiCl in anhydrous toluene is stirred under 
nitrogen. The reaction is cooled and then concentrated under vacuum. Aqueous 
solvent is added to the residue, stirred, and then extracted with a suitable solvent. 

20 such as dichloromethane. The solution is filtered, dried, and concentrated. The 
product is purified by column chromatogr^hy to give Compound SC. 




A mixture of Compoxmd 5C, Compound IE, Pd2(dba)3, DPPF and 
CS2CO3 in anhydrous dioxane is stirred under nitrogen. The reaction is cooled 
5 and a suitable solvent, such as dichloromethane, is added* The diluted reaction is 
filtered and the filtrate is concentrated to give a product. The product is diluted 
with a small amount of a suitable solvent, such as dichloromethane. A solid is 
coUected througji filtration, the filtrate is concentrated and Compound SD may 
be recrystallized from EtOAc/hexane. 




A mixture of Compound 5D, B0C2O, and DMA? in a suitable solvent, 
such as dichloromethane is stirred. The reaction mixture is concentrated and the 

1 5 product is purified by colunm chromatography to give Compound 5E, 

Compound 5E is dissolved in a suitable solvent, such as methanol, stirred, and 
then cooled to 0 ''C. A NaOH^^ (1 N) solution is added slowly and the mixture 
is stirred at about 0 ""C for 20 min. and then stirred for an additional 1 8 hours at 
about 20 **C, Glacial acetic acid is added to the reaction mixture at about 0 ''C 

20 slowly followed by the addition of water. A solid is formed and is coUected 
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through filtration, washed with water, and thai dried in a vacuum oven to give a 
carboxylic acid derivative. The caibojqrlic acid derivative, DPPA, triefliylamine, 
and t-BuOH in toluene is stirred under nitrogen, and then stirred at about 100 "C. 
The reaction mixture is concoitrated under vacuum. The product is purified by 
column chromatography to give Compound 5F. Other compounds of Ae 
invention may be obtained by substituting Ck>mpound 5F for Compound II in 
any of the reactions described for use of Compound II in Scheme 1. 



10 



15 



20 



Sftome 5 Alternative Substitution Pattern #2 Using Pall a dium Chemistry 

Using the methodology of Scheme 1, other compounds of the invention 
may have a heterocylic substituent Compound 5G attached to a pyrazine ring 
Compound IC to yield a target Compound 5H. Compound 7B is furflier used 
analogously to Compound ID in the methods of Scheme 1. 



Sn(n-Bu)3 





PdCl2(PPh3)2 . 
LiCI 




OzEt 

5G 
Scheme 6 

To compounds of the invention wherein the "A" linking group is varied, 
a Compound 5H is reacted with Compound 6A, Pdj(dba)3, DPPF and CsjCOjin 
anhydrous dioxane by stirring the mixture under nitrogen. The reaction is cooled 
and a suitable solvent is added. The diluted reaction is filtered and the filtrate is 
concentrated to give Compound 6B. Other compounds of the mvention may be 
obtained by substituting Compound 6B for Compound IG in any of the reactions 
described for use of Compovmd IG in Scheme 1. 
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Scheme 7 

Alternatively to Scheme 5 and 6, using palladium chemistry, target 
compounds of the invention may be obtained by mixing 2-amino-6- 
5 bromopyridine Compound 7A (optionally substituted with R7), an R^, protecting 
group such as di-^er^-butyl dicarbonate and 4-(dimefhylainino)pyridine in ^ 
BuOH and stirring at room temperature for more than 24 h. Concentrating and 
piuifying the solution by flash chromatography (using a solvent such as 
EtOAc/hexane) gives Ar-(Rjo)-2-amino-6-bromopyridine which is then mixed 
10 with dry DMF and to the solution is added hxomo-(CH^^-tert' 

butyidimethylsilane and CS2CO3. The mixture is stirred at 70 °C for 18 h, the 
solvent is evaporated under reduced pressure and the residue is purified by 
column chromatography to provide Compound 7B as a clear oil. 



15 A mixture of Compound 7B, bis(tributyltin), 

tetrakis(triphenylphosphine)palladium, LiCl and 2,6-di-^er/-butyl-4- 
methylphenol in anhydrous 1,4-dioxane is refluxed at 100 ^C for 4 h under 
nitrogen. The solvent is removed under reduced pressure and the residue 
chromatographed over silica gel (using a solv^at such as ethyl acetate/hexane) to 

20 give Compound 7C as a clear oil. A mixture of Compound 7C, Compound SB, 
dichlorobis(triphenylphosphine)palladium and LiCl in anhydrous toluene is 
stirred at 100 ''C for 3 h under nitrogen. The cooled reaction mixture is 
concentrated under vacuum and purified by flash chromatography to give 
Compound 7D as a yellow oil. Compound 7D is dissolved in TFA and tiie 

25 solution stirred at room temperature for 2 h before concentration. A saturated 
NH4OH solution is added to the residue until made basic and is followed by 
adding water to precipitate the soUd. The precipitated soUd is collected through 
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filtration, washed with water and EtjO, and dried under vacuum to provide the 
target Compound 7E as a yellow solid. 





Pd(PPh3)4. LICI, 
SngBug, BHT 



(Rio)20. 

DMAP, t-BuOH Ry-lh^ /(CH2)^OTBS 
Br(CH2)n,OTBS. ^^N^ 
CS2CO3, DMF 7B 

I 





7B '. -Rr-f- J" .(CH2LOTBS CI 5B 

1.4-dioxane ^'^^N " 7D 

Pd(PPh3)2Cl2, 
LiCI, toluene 



(CH2)^OTBS 




(CHzLOH 



Scheme 8 

As an alternate substitution pattern for Scheme 7, target compounds of 
the invention may be obtained by mixing 4-iodopicolimc acid Compound 8A 
(optionally substituted with R,) (prepared as described in Lohse, O. Synth. 

10 Commun. 1996, 26, 2017), DPPA and tiiethylamine in ^-BuOH and toluene, 
heating the mixture at 65 "C for 1.5 h and then at 100 "C for 4 h. After 
concentrating the reaction mixture and purification by flash chromatography 
(using a solvent such as EtOAc/hexane), Compound 8B is obtained as a white 
solid. A mixture of Compound 8B, bromo-(CH2)„-te7Y-butyldimethylsilane and 

15 CsjCOj in dry DMF is stirred at 70 "C for 3 h. The solvent is evaporated under 
reduced pressure and tiie residue purified by column chromatography (using a 
solvent such as EtOAc/hexane) to provide Compound 8C as a clear oil. A 
mixture of Compound 8C, bis(trimethyltin), 

tetrakis(tiiphenylphosphine)palladium, LiCl and BHT (2,6-di-/er/-butyl-4- 
20 methylphenol) in anhydrous 1,4-dioxane is heated at 90 "C for 1 .5 h under 
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nitrogra. The solvent is removed under reduced pressure and the residue 
chromatographed over silica gel (using a solvent such as EtOAc/hexane) to give 
Compound 8D as a clear oil. Other compoimds of the invention may be obtained 
by substituting Compound 8D for Compound 7C in the reaction described for 
5 use of Compound 7C in Scheme 7. 



I 

DPPA. EtgN. 
t-BuOH, toluene R^-ff- 

N'^N— Boc 
8B " 



Br(CH2)n,OTBS. 
CS2CO3. DMF R^-ff-^ .(CH2)mOTBS 

" ^n^n:^ 

80 Boc 




8B 




Pd(PPh3)4, LiCI, 

SnaMee.BHT r,,||.J^ /(CH,),0TBS 
1,4-dioxane 

Boc 



10 As an alternate substitution pattern for Scheme 7, target compounds of 

the invention wherein is selected fiom halogen may be obtained by adding 
bromine dropwise to a suspension of 6-aminonicotinic acid Compourid 9A in 
water at 4 *»C. After completion of the addition, the cooling bath is removed and 
the reaction mixture is stirred at room temperature for 4.5 h. Saturated Na^SaOj 

15 is added slowly to the stirred mixture. The soUd is then coUected through 
filtration, washed with water, and dried under vacuum overnight to give a 6- 
ainino-5-biomonicotinic acid intermediate along with a 3,5-dibromo-2- 
aminopyridine intermediate in approximately a 1 :1 ratio as a greenish solid A 
mixture of the solid containing the 6-amino-5-bromonicotinic acid intermediate, 

20 DPPA, triethylamine, an protecting group such as benzyl alcohol and toluene 
is heated at 70 °C for Ih, then 100 for Ih. After concentrating the reaction 
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mixture and purification by flash chromatography (using a solvent such as 
EtOAc/hexane), the Compound 9B is obtained as a yellow solid. A mixture of 
Compound 9B, biomo-(CH2)„-fert-butyldiphenylsilane and and CsjCOj in dry 
DMF is heated at 70 "C for 3h. The reaction mixture is concentrated and purified 
by column chromatogn^hy (using a solvent such as EtOAc/hexane) to give 
C(»npound 9C as a yellow oil. To the solution of Compound 9C m CHzC]^ at 4 
'C is added NOBF4 (nitrosouium tetrafluoroborate). After Ih at 4 "C, more 
NOBF4 is added followed by the same amount of NOBF4 after another Ih. After 
stirring for a total of 3h at 4 "C, water is added. The aqueous solution is 
extracted wifli a solvent such as CH2CI2. The combined organic layra are dried, 
concentrated and flash chromatographed (using a solvent such as EtOAc/hexane) 
to give Compound 9D as a yellow oiL Other compounds of Ae invention may 
be obtained by substituting Compound 9D for Compound 7C m the reaction 
described for use of Conqx>und 7C in Scheme 7. 



■^-^CO^H 
9A 

Br 



Brg, J- 

H2O H zNs...^^ Br(CH2U0TBDPS 

^-^N-R. ^ 

9B 



Br 



DPPA, 

EtgN, 

(Rio)OH. 
toluene 



'N- 
H 



^10 CS2CO3, DMF 



90 



N J. ^(CHaLOTBDPS 



NOBF4, 

CH2CI2 



Br 



90 



*10 



,;i 1^ /(CH2)mOTBDPS 
9D '^Rio 



ProDmgs 

20 The present invention includes within its scope prodrugs of the 

compounds of this uivention. In general, such prodrugs will be functional 
derivatives of the compounds which are readily convertible in vivo into the 
required compound. Thus, in tiie methods of treatment of the present invention, 
the term "administering" shall encompass the treatment of the various disorders 

25 described with the compound specifically disclosed or with a conq)ound which 
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may not be specifically disclosed, but which converts to the specified compound 
in vivo after administration to the subject. Conventional procedures for the 
selection and preparation of suitable prodrug derivatives are described, for 
example, in ••DssigQ^Piadms^ ed H. Bundgaaid, Elsevier, 1985. 

Pharmaceutical fnrmiiTs^f^^T^ff 

The instant pharmaceutical composition can be prepared according to 
conventional pharmaceutical techniques. A pharmaceutically acceptable carrier 
may be used in the composition of the invention. The composition may take a 
wide variety of forms depending on the form of preparation desired for 
administration including, but not limited to, intravenous (both bolus and 
infusion), oral, nasal, transdermally, topical with or without occlusion, 
intraperitoneal, subcutaneous, intramuscular, or parenteral, all using forais well 
known to those of ordinary skill in the phamiaceutical arts. In preparing the 
1 5 compositions in oral dosage form, one or more of the usual pharmaceutical 
carriers may be employed, such as water, glycols, oils, alcohols, flavoring 
agents, preservatives, coloring agents, syrup and the like in the case of oral liquid 
preparations (for example, suspensions, elixirs and solutions), or carriers such as 
starches, sugars, diluents, granulating agents, lubricants, binders, disintegrating 
20 agents and the Uke in the case of oral solid preparations (for example, powders, 
capsules and tablets). 



The compounds may alternatively be administered parenterally via 
injection of a formulation consisting of the active ingredient dissolved in an inert 

25 liquid carrier. The injectable formulation can include the active ingredient 

mixed with an appropriate inert liquid carrier. Acceptable liquid carriers include 
vegetable oils such as peanut oil, cotton seed oil, sesame oil, and the like, as well 
as organic solvents such as solketal, glycerol formal, and the like. As an 
alternative, aqueous parenteral formulations may also be used. For example, 

30 acceptable aqueous solvents include water. Ringer's solution and an isotonic 
aqueous saline solution. Further, a sterile non-volatile oil can usually be 
employed as solvent or suspending agent in the aqueous formulation. The 
formulations are prepared by dissolving or suspending the active ingredient in 
the liquid carrier such that the final formulation contains ftom 0.005 to 10% by 
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weight of the active ingredient. Other additives including a preservative, an 
isotonizer, a solubilizer, a stabilizer and a pain-sootfaing agent may adequately be 
employed. 

5 The compounds may alternatively be administered occularly via 

application of a formidation consisting of the active ingredient dissolved in an 
inert aqueous liquid carrier. Such aqueous liquid formulations are useful, for 
example in the treatment of diabetic retinopathy. Acc^table aqueous solvents 
include water. Ringer's solution, and an isotonic aqueous saline solution. The 
1 0 formulations are prepared by dissolving or suspending the active ingredient in 
the liquid carrier such that the final formulation contains fiom 0.005 to 10% by 
weight of the active ingredient. Other additives including a preservative, an 
isotonizer, a solubilizer, a stabilizer and a pain-soothing agent may adequately be 
employed. 

15 

The compounds of the present invention can also be administered in the 
form of liposome delivery systems, such as small unilamellar vesicles, large 
unilamellar vesicles and multilamellar vesicles. Liposomes containing delivery 
systems as well known in the art are formed jfrom a variety of phospholipids, 
20 such as cholesterol, stearylamine or phosphatidylcholines. 



As used herein, a "thempeutically effective amount" of the instant 
pharmaceutical composition, or compound therein, means an amount that 
inhibits the function of the kinase enzymatic activity. The instant 

25 pharmaceutical composition will generally contain a per dosage unit (e.g., tablet, 
c^sule, powder, injection, teaspoonful and the like) jfrom about 0.001 to about 
100 mg/kg. In one embodiment, the instant pharmaceutical composition 
contains a per dosage unit of from about 0.01 to about 50 mg/kg of compound, 
and preferably from about 0.05 to about 20 mg/kg. Methods are known in the art 

30 for determining therapeutically effective doses for the instant pharmaceutical 
composition. The effective dose for administering the pharmaceutical 
composition to a human, for example, can be detennined mathematically from 
the results of animal studies. Furthermore, compounds of the present invention 
can be administered in intranasal form via topical use of suitable intranasal 
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vehicles, or via trajosdennal routes, using those forms of transdennal skin 
patches weU known to those of ordinary skill in that art. To be administered in 
the form of a transdennal delivery system, the dosage administration will, of 
course, be continuous rather than intamittent throughout the dosage regimen. 

5 

Because of their ease of administration, tablets and ce^sules represent an 
advantageous oral dosage imit form, wherein solid pharmaceutical carriers axe 
employed If desired, tablets may be sugar-coated or enteric-coated by standard 
10 techniques. 

For liquid forms the active drug component can be combined in suitably 
flavored suspending or dispersing agents such as the synthetic and natural gums, 
for example, tragacanth, acacia, methyl-cellulose and the like. Other dispersing 
1 5 agrats that may be employed include glycerin and the like. 

Skin Care Compositions 

In one embodiement of the present invention, compounds of the present 
invration are fomiulated as skin care compositions, particularly for use in 
20 treating psoriasis. 

Skin care compositions of the present invention preferably comprise, in 
addition to the active compound of the present invention, a cosmetically- or 
pharmaceutically-acceptable carrier. 

25 

Herein, "cosmetically-acceptable carrier"' means one or more compatible 
solid or liquid filler diluents or encapsulating substances which are sxiitable for 
use in contact with the skin of humans and lower animals without undue toxicity, 
incompatibility, instability, irritation, allergic response, and the like, 
30 commensurate with a reasonable bmefit/risk ratio. 



Herein, "compatible" means that the components of the cosmetic or 
pharmaceutical compositions are capable of being commingled with the active 
compound of the present invention, and with each other, in a manner such that 
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there is no interaction which would substantially reduce the cosmetic or 
pharmaceuticai efl&cacy of the composition under ordinary use situations. 

Preferably the skin care compositions of the present invention are topical 
5 compositions., ie., fliey are applied topically by the direct laying on or spreading 
of the composition on skin. Preferably such topical compositions comprise a 
cosmetically- or pharmaceutically-acceptable topical carrier. 

The topical composition may be made mto a wide variety of product 
10 types. These include, but are not limited to, lotions, creams, beach oils, gels, 
sticks, sprays, ointments, pastes, mousses, and cosmetics; hair care compositions 
such as shampoos and conditioners; and personal cleansing compositions. 



Preferably the carrier is a cosmetically- or pharmaceutically-acceptable 
15 aqueous or organic solvent Water is a preferred solvent. Examples of suitable 
organic solvents include: propylene glycol, polyethylene glycol (200-600), 
polypropylene glycol (425-2025), propylene glycol-14 butyl ether, glycerol, 
l,2,4butanetriol, sorbitol esters, 1,2,6-hexanetriol, ethanol, isopiopanol, 
butanediol, and mixtures thereof. Such solutions useful in the present invention 
20 preferably contain from about 0.001 % to about 25% of tiie active compound, 
more preferably from about 0.1% to about 10% more preferably from about 
0.5% to about 5%; and preferably from about 50% to about 99,99% of an 
acceptable aqueous or organic solvent, more preferably from about 90% to about 
99%. 

25 

Skin care compositions of the present invention may further include a 
wide variety of additional oil-soluble materials and/or water-soluble materials 
conventionally used in topical compositions, at their art-established levels. Such 
additional components include, but are not limited to: thickeners, pigments, 
30 fragrances, himiectants, proteins and polypeptides, preservatives, pacifiers, 
penetration enhancing agents, collagen, hylauronic acid, elastin, hydrolysates, 
primrose oil, jojoba oil, epidermal growth factor, soybean saponins, 
mucopolysaccharides. Vitamin A and derivatives thereof. Vitamin B2, biotin, 
pantothenic acid. Vitamin D, and mixtures thereof. 
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In a particular embodiment, the instant pharmaceutical composition is 
administered by inhalation. For inhalation therapy, the composition may be in a 
5 solution useftd for administration by metered dose inhalers, or in a fomi suitable 
for a dry powd^ inhaler or insufflator. More particularly, the mstant 
composition is conveniently delivered in the form of an aerosol spray delivered, 
for example from a pressurized container, a pack or a nebuliser, with the use of a 
suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, 

10 dichlorotetrafluoroethane, carbon dioxide or other suitable gas inside such 

container. The dosage unit may be determined by providing a valve to deliver a 
metered amount Capsules and cartridges made of a phamiaceutically acceptable 
material such as gelatin for use in an inhaler or insufflator may be formulated 
containing a powder mix of the compound and a suitable powder base such as 

1 5 lactose or starch. 

Coadministration Of Phamiaceu tical Agentg 

In a preferrred embodiment of this invention, VEGF-R selective agents 
of the present invention are advantageously co-administered with at least one 

20 other anti-tumor agent to facilitate eradication or stasis of a malignancy. For 
example, but not to limit the present invention, an anti-VEGF-R compound of 
the present invention, acting, for example, as anti-angiogenic compound, can be 
administered in a dosing regimin with a cytotoxic compound, such as a DNA 
alkylating agent. Preferred anti-tumor agents are selected from the group 

25 consisting of cladribine (2.chloro-2*-deoxy-(beta>D-adenosine), Chlorambucil 
(4'[bis(2-chlorethyl)amino]ben2enebutanoic acid), DTIC-Dome (5-(3,3- 
dimethyH-triazeno)-imidazole-4-carboxamide), platinum chemotherapeutics and 
nonplatunmi chemotherapeutics. Platinum containing anti-tumor agents include, 
but are not limited to, cisplatin (cis-dichlorodiamineplatinum). Non-platinum 

30 containing anti-tumor agents include, but are not limited to, cyclophosphamide, 
fluorouracil, qpirubicin, methotrexate, vincristine, doxorubicin, bleomycin, and 
etoposide. Each anti-tumor agent is administered within therapeutically effective 
amounts, which are well known in the art, and vary based on the agent used, the 
type of malignancy, and other conditions 



wo 02/24681 



53 



PCT/USOl/29175 



Specific Synthetic KxPimpl^j^ 

The invention can be better understood by way of the following 
examples. These samples are representative of the preferred embodiments, but 
5 are not to be construed as limiting the scope of the invention. 



'H NMR spectra were measured on a Bruker AC-300 (300 MHz) 
spectrometer using tetramethylsilane as an internal standard. Elemental analyses 

10 were obtained by Quantitative Technologies Inc. (Whitehouse, New Jersey), and 
the results were within 0.4% of the calculated values unless otherwise 
mentioned. Melting points were detemiined in open capillary tubes with a 
Thomas-Hoover apparatus and were uncorrected. Optical rotations were 
measured at 25 °C with an Autopol m polarimeter. Electrospray mass spectra 

1 5 (MS-ES) were recorded on a Hewlett Packard 59987A spectrometer. High 
resolution mass spectra (HRMS) were obtained on a Micromass Autospec. E. 
spectrometer. 



EXAMPLE 1 

20 Synthesis of hitermediate Compound IB 

SnBu3 



"CO2C2H5 

A mixture of S-bromonicotinate (25 g, 108.7 mmol), bis(tributyltin) 
(63.05 g, 108.7 mmol), palladium acetate (1.1 g, 4.89 mmol), tri-o- 
tolylphosphine (8.6 g, 28.26 mmol) and triethylamine (21.96 g, 217.4 mmol) in 

25 acetonitrile (350 mL) was stirred at 95-100 "C for 22 h under nitrogen. The 

cooled reaction mixture was filtered through celite. Then the celite was washed 
with more acetonitrile and the combined acetonitrile was concentrated und^ 
vacuum. The residue was diluted with a suitable solvent, such as 
dichloromethaue, washed with aqueous sodium carbonate and concentrated. The 

30 residue was further diluted with hexane. The solid was filtered ofif and the 

filtrate was concentrated. The product was purified by column chromatography 
(twice, SiOj, dichloromethan»liexane as solvent) to givel9.09 g (40%) of IB as 
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a light orange oil; 'H NMR (300 MHz. CDCl^) 8 9.11 (brs. 1 H), 8.74 (bra, 1 H), 
8.35 (brs, 1 H), 4.41 (q. J = 6.9 Hz. 2 H), 1.72-1.05 (m, 21 H), 0.89 (t, J = 7.2 
Hz, 9 H); MS (ES) m/z: 442 (M+H*). 

5 EXAMPLE 2 

Synthesis of Intomediate Compound ID 
-CI 



10 




■CO2C2H6 

A mixture of IB (10 g, 22.7 mmol), 2, 6-dichloropyrazine (6.76 g, 45.4 
mmol), dichloro-bis(triphenylphosphine)palladium (797 mg, 1.14 mmol) and 
LiCl (4.77 g, 1 13.5 mmol) in anhydrous toluene (85 mL) was stirred at 100 °C 
for 23 h under nitrogen. The cooled reaction mixture was concentrated under 
vacuum. Aqueous sodium carbonate was added to the residue and stirred for 10 
min. and extracted with dichloromethane (3x). The combined dichloromethane 
solution was filtered through celite, dried (Na2S04) and concentrated. The 
15 product was purified by column chromatogr^hy (EtOAc/hexane as solvent) to 
give 3.56 g (60%) of ID as an off-white solid; 'H NMR (300 MHz, CDCI3) 8 
9.43 (brs. 1 H), 9.35 (brs, 1 H), 9.05 (s, 1 H). 8.91 (s. 1 H). 8.64 (s, 1 H), 4.48 (q, 
J = 7.3 Hz, 2 H), 1.47 (t, J = 7.2 Hz, 3 H); MS (ES) m/z: 264 (M+H*). Anal. 
Calcd. For C^HjoNjOjCl: C. 54.66; H. 3.82; N. 15.94. Found: C, 54.62; H, 3.77; 
20 N, 15.57. 



EXAMPLES 
COMPOUND 1 




A mixture of ID (24.3 g. 92.4 mmol), 3-chloroaiiiline (16.6 g, 129 
mmol). Pd2(dba)3 (2.39 g, 2.31 mmol), DPPF (4.1 g, 7.4 mmol). Cs^COj (60.2 
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185 mmol) in anhydrous dioxane (230 mL) was stirred at 1 10 »C for 46 h under 
nitrogen. Dichloromethane (100 mL) was added to the cooled reaction mixture. 
The mixture was flien filtered through celite, the celite cake was washed with 
more dichloromethane and the combined filtrate was concentrated to give a 
5 yellow-brown solid. Small amounts of dichloromethane was added, the solid 
was collected through filtration and the filtrate was concentrated. The solid 
collected was recrystallized fix)m BtOAc/hexane to give 21.83 g (67%) of Cmd 1 
as a yellow solid; 'H NMR (300 MHz, CDCI3) 8 9.44 (brs, 1 H). 9.31 (brs, 1 H), 
8.90 (s, 1 H), 8.57 (s, 1 H), 8,26 (s, 1 H), 7.72 (s, 1 H), 7.44 (d, J = 8.1 Hz. 1 H), 
10 7,31 (t, J = 8.0 Hz, 1 H), 7.08 (d, J = 8.0 Hz, 1 H), 7.04 (s, 1 H), 4.48 (q. J - 7.2 
Hz, 2 H), 1 ,46 (t, J = 7.0 Hz, 3 H); MS (ES) m/z: 355 (M+H*). Anal. Calcd. For 
C,8H,5N402C1: C, 60.94; H, 4.26; N, 15.79 Found: C. 60.54; H, 4.33; N, 15,58. 



A mixture of Cmd 1 (21.83 g, 61.7 mmol), Boc^O (26.9 g, 123 mmol), 
and DMAP (~3 g, cat.) in dichloromethane (500 mL) was stirred at 20 "C for 4 h, 
The reaction mixture was concentrated and the product was purified by column 
20 chromatography (EtOAc^exane as solvent) to give 26.7 g (95%) of Cmd 2 as 



yeUowish oil; »H NMR (300 MHz, CDCI3) 8 9.22 (d, J = 2.0 Hz, 1 H), 9. 15 (d, J 
= 2.2 Hz, 1 H), 9.10 (s, 1 H), 8.84 (s, 1 H). 8.64 (t, J = 2.1 Hz, 1 H), 7.35 (m, 3 
H), 7.18 (brd. J = 7.3 Hz, 1 H), 4.44 (q. J = 7.1 Hz, 2 H). 1.50 (s, 9 H), 1.44 (t, J 
= 7.1 Hz, 3 H); MS (ES) m/z: 455 (M+H*). 



EXAMPLE 4 



15 



COMPOUND 2 




25 



EXAMPLE 5 
COMPOUND 3 
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.CI 



■CO2H 



Compound Cmd 2 (32.2 g, 71 nimol) was dissolved in methanol (200 
mL) and stirred for 10 min then cooled to 0 "C. A NaOH^^ (1 N, 1 18 mL) 
solution was added slowly and the mixture was stirred at 0 "C for 20 min then 
5 stirred at 20 °C for another 1 8 h. Glacial acetic acid (95 mL) was added to the 
reaction mixture at 0 °C slowly followed by the addition of water (350 mL). A 
yellow solid was formed. The yellow solid was collected through filtration, 
washed with water (5x), dried in vacuum oven overnight to give 28.3 g (94%) of 
the carboxylic acid Cmd 3 as a yellow solid; 'H NMR (300 MHz, D*-DMSO) 8 
10 9.27 (d, J = 1.9 Hz, 1 H), 9.22 (s, 1 H). 9.09 (d, J = 1.6 Hz, 1 H), 9,03 (s, 1 H), 
8.65 (brs, 1 H), 7.52-7.31 (m. 4 H), 1.44 (s, 9 H); MS (ES) m/z: 425 (M-H^. 
Anal. Calcd. For Cj.H.sN.O^Cl: C, 59.09; H. 4.49; N, 13.13. Found: C, 58.82; H, 
4.38; N, 12.98. 

15 EXAMPLE 6 



A mixture of the carboxylic acid Cmd 3 (28.3 g, 66.5 mmol), DPPA 
(21.95 g, 80 mmol), triethylamine (13.43 g, 133 mmol), t-BuOH (280 mL) in 
20 toluene (200 mL) was stirred under nitrogen at 70 "C for 30 min then stirred at 
100°Cfor4h. The reaction mixture was concentrated under vacuum. The 
product was purified by column chromatography (EtOAc/hexane as solvent) to 
give 29.28 g (89%) of Cmd 67 as a yellowish foam; 'H NMR (300 MHz, 
CDCl,) 8 8.99 (s, 1 H), 8.80 (s, 1 H), 8.67 (d, J = 1.7 Hz, 1 H). 8.49 (d, J = 2.4 



COMPOUND 67 
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Hz, 1 H), 8.41 (brs. 1 H), 7.29 (m, 3 H), 7.17 (d, J = 7.5 Hz. 1 H), 7.08 (s, 1 H), 
1.54 (s, 9 H). 1.49 (s, 9 H); MS (ES) m/z: 498 (M+H*). Anal. Calcd. For 
C25HJ8N5O4CI: C, 60.30; H, 5.67; N, 14.06. Found: C, 60.14; H, 5.49; N, 13.91. 



1 0 A mixture of Cmd 67 (3 g, 6 mmol), (3-bromopropoxy)-t-butyl- 

dimethylsilane (2.28 g, 9 mmol) and CSjCOj (5.9 g. 18 mmol) in DMF (60 mL) 
was stirred at 70 "C under nitrogen for 36 h. The reaction mixture was diluted 
with water, extracted with ether (3x), dried (NajSO*) and concentrated. The 
product was purified by column chromatogrq)hy (EtOAc/hexane as solvent) to 

15 give 3.04 g of the silylated-product as orange oil. The silylated-product was 

dissolved in TFA (30 mL) and stirred at 20 »C for 1 h before it was concentrated. 
An ammonium hydroxide solution was added to the residue until the pH was 
about 10-11, water was added and a yellow solid was formed. The yellow solid 
was collected through filtration, washed with water and dried under vacuum. 

20 The yellow solid was recrystallized fix)m CHjOH/BtOAc to give 1 .25 g (59%) of 
Cmd 4 as a Ugjht yellow soUd; 'H NMR (300 MHz. CD3OD) 8 8.45 (s, 1 H), 
8.41 (d. J = 1.6 Hz, 1 H), 8.12 (brs, 2 H). 8.00 (d. J - 2.7 Hz. 1 H), 7.66 (bis. 1 
H), 7.55 (d, J = 8.3 Hz. 1 H), 7.30 (t, J = 8.1 Hz, 1 H), 6.99 (d, J = 7.9 Hz, 1 H), 
3.72 (t, J = 6.3 Hz, 2 H), 3.33 (t, J = 6.8 Hz, 2 H), 1.91 (m, 2 H); MS (ES) m/z: 

25 356 (M+H^. Anal. Calcd. For C,8H,gN5OCl«0.5 H^O: C. 59.26; H. 5.25; N. 
19.20. Found: C, 59.30; H. 4.95; N, 18.95. 



EXAMPLE 7 



COMPOUND 4 



^ NH(CH2)30H 

3-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]amino]-l-propanol (Cmd 4) 




EXAMPLES 



COMPOUND 5 
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6-(5-amino-3--pyridinyl)- 
7V-(3-chlorophenyl)- 2-pyrazmamine (Cmd 5) 
Compound Cmd 67 (100 mg, 0.2 mmol) was dissolved in TFA (2 mL) 
5 and stirred at 20 °C for 2 hours before it was concentrated. An ammonium 

hydroxide solution was added to the residue until the pH was about 10-11, water 
was added and a yellow solid was formed. The yellow solid was collected 
through filtration, washed with water and dried under vacuum to give 54 mg 
(91%) of Cmd 5 as a light yellow solid; MS (ES) m/z: 298 (M+H"). 

10 

EXAMPLE 9 
COMPOUND 6 




CO2C2H3 

A mixture of Compound IB (500 mg, 1.14 mmol), 2, 4-dichloro-6- 
15 methylpyrimidine (as in Scheme 5, Alternate Substitution Pattern #1, to replace 
Compound IC, where Rj is methyl) (370 mg, 2.27 mmol), dichloro- 
bis(triphenylphosphine)palladium (40 mg, 0.057 mmol) and LiCl (239 mg, 5.68 
mmol) in anhydrous toluene (5 mL) was stirred at 100 "C for 23 h under 
nitrogen. The cooled reaction mixture was concentrated under vacuum. 
20 Aqueous sodium carbonate was added to the residue and stirred for 1 0 min. then 
extracted with dichloromethane (3x). The combined dichloromethane solution 
was filtered through celite, dried (N&^SO^) and concentrated. The product was 
purified by column chromatography (EtOAc/hexane as solvent) to give 281 mg 
(52%) of Cmd 6 as an off-white solid; NMR (300 MHz, CDCI3) 8 9.43 (d, J 
25 = 1.9 Hz. 1 H), 9.35 (d, J= 1.4 Hz, 1 H), 8.92 (d, J= 1.5 Hz, 1 H), 7.60 (s, 1 H), 
4.48 (q, J = 7.1 Hz, 2 H), 2.66 (s, 3 H), 1.46 (t, J = 7.0 Hz, 3 H); MS (ES) m/z: 
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EXAMPLE 10 



COMPOUND 7 



1^ 



Pl 



5 




'CO2C2H5 



A mixture of Cmd 6 (1.41 g, 5.09 mmol), 3-chloroamline (782 mg, 6. 11 
rmnol), Pd2(dba)3 (132 mg, 0.127 mmol), DPPF (226 mg, 0.407 mmol), CSjCO, 
(3.32 g, 10.2 mmol) in anhydrous dioxane (15 mL) was stirred at 1 10 "C for 26 h 
under nitrogen. Dichloromethane (30 mL) was added to the cooled reaction 

10 mixture which was then filtered through celite and the celite cake was washed 
with more dichloromethane. The combined filtrate was concentrated to give a 
yellow-brown solid. The product was purified by column chiomatogtaphy 
(EtOAc/hexane as solvent) to give 1.03 g (55%) of Cmd 7 as a yellow-brown 
soUd; 'H NMR (300 MHz. CDCI3) 6 9.44 (d, J = 2.1 Hz, 1 H). 9.32 (d, J = 1 .9 

15 Hz, 1 H), 8.91 (m, 1 H), 7.93 (t, J = 1.9 Hz, 1 H). 7.51 (d, J - 8.2 Hz, 1 H), 7.28 
(m, 2 H). 7.16 (s, 1 H), 7.03 (d, J = 7.9 Hz, I H), 4.48 (q. J = 7.1 Hz. 2 H). 2.54 
(s, 3 H), 1.46 (t. J = 7.1 Hz, 3 H); MS (ES) m/z: 369 (M+H*). Anal. Calcd. For 
CjjH^NACl: C, 61.88; H, 4.65; N, 15.19. Found: C, 61.74; H, 4.63; N, 14.79. 

20 EXAMPLE 11 



CO2C2H5 

A mixture of Cmd 7 (1 g, 2.72 mmol), BoCjO (3.56 g, 16.29 nmiol). and 
DMAP (0.3 g, cat) in dichloromethane (90 noL) was stirred at 20 "C for 24 h. 



COMPOUND 8 
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The reaction mixture was concentrated and the product was purified by colunm 
chromatography (EtOAc/hexane as solvent) to give 1.16 g (91%) of Cmd 8 as a 
yellow brown foam; 'H NMR (300 MHz, CDCI3) S 9.34 (d, J = 2.2 Hz, 1 H). 
9.30 (d, J = 2.0 Hz, 1 H), 8.82 (m, 1 H). 7.46 (s, 1 H), 7.32-7.18 (m, 4 H), 4.46 
5 (q, J » 7.1 Hz, 2 H), 2.60 (s. 3 H), 1.49 (s. 9 H). 1.44 (t. J = 7.1 Hz, 3 H); MS 
(ES) m/z: 469 (M+H*), 369 (M+H*- Boc). 



Compound Cmd 8 (1 . 1 6 g, 2.49 mmol) was dissolved in methanol (30 
mL) and stirred for 10 min then cooled to 0 "C. A NaOH^,^ (1 N, 18 mL) 
solution was added slowly and the mixture was stirred at 0 °C for 20 min thai 
stirred at 20 "C for another 18 h. Glacial acetic acid (16 mL) was added to the 

1 5 reaction mixture at 0 *C slowly followed by the addition of water (200 mL). A 
yellowish-white solid was formed. Tlie yellowish-white solid was collected 
through filtration, and washed witii water (5x) then dried in vacuum oven 
overnight to give 1.04 g (95%) of Cmd 63 as a Ught-brown soHd; MS (ES) m/z: 
439 (M-H^. Anal. Calcd. For CaHj.N^O^CUO.S HjO: C, 58.73; H, 4.93; N, 

20 12.45. Found: C, 59.04; H. 4.88; N, 12.23. A mixture of Cmd 63 (1 .02 g, 2.32 
mmol), DPPA (766 mg, 2.78 mmoV), triethylamine (398 mg, 3.9 mmol), and t- 
BuOH (10 mL) in toluene (8 mL) was stirred under nitrogen at 70 *C for 30 min 
then stirred at 100 *C for 18 h. The reaction mixture was concentrated under 
vacuum. The product was purified by colunm chromatography (EtOAc/hexane 

25 as solvent) to give 883 mg (75%) of Cmd 9 as a yellowish foam; 'H NMR (300 
MHz, CDCl,) 5 8.86 (d, J = 1.4 Hz, 1 H), 8.55 (m, 2 H), 7.42 (s, 1 H), 7.27 (m, 4 
H), 6.80 (brs, 1 H), 2.58 (s, 3 H), 1.54 (s, 9 H). 1.48 (s. 9 H); MS (ES) m/z: 512 
(M+H*), 412 (M+H*- Boc). Anal. Calcd. For C2JH30N5O4CI: C. 60.99; H, 5.91; 
N, 13.68. Found: C, 60.83; H, 5.92; N, 13.33. 



EXAMPLE 12 



COMPOUND 9 



10 
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EXAMPLE 13 
COMPOUND 10 




5 3-[[5-[2-[(3-cUorophenyl)amino]-6-methyl-4-pyriniidmyl]- 

3-pyridinyl]ainmo]-l-propanol (Cmd 10) 
A mixture of Cmd 9 (100 mg, 0. 196 mmol), (3-bromopropoxy)-t-butyl- 
dimethylsilane (75 mg, 0.294 mmol) and CsjCOj (192 mg, 0.59 mmol) in DMF 
(4 mL) was stirred at 70 ""C under nitrogen for 24 h. The reaction mixture was 

10 diluted with water, extracted with ether (3x), dried (NaaSOJ and concentrated. 
The product was purified by column chromatography (EtOAc/hexane as solvent) 
to give 92 mg of the silylated-product as oil. The silylated-product was 
dissolved in TFA (4 mL) and stirred at 20 °C for 1 h before it was concentrated. 
An ammonium hydroxide solution was added to ttie residue until the pH was 

15 about 10-11, water was added and a yellow solid was formed. The yellow solid 
was collected through filtration, washed with water and dried under vacuum. The 
product was purified by coliunn chromatography (dichloromethane/methanol as 
solvent), followed by recrystallization from EtOAc/hexane to give 36 mg (50%) 
of Cmd 10 as an ofif-white soHd; ^HNMR (300 MHz, CD3OD) 6 8.31 (s, 1 H), 

20 7.98 (s, 1 H), 7.93 (s, 1 H), 7,43 (m, 1 H), 7.17 (m, 1 H). 7.00 (brs, 1 H), 6.89 
(brd, J = 7.2 Hz, 1 H), 3,72 (t, J - 6.2 Hz, 2 H), 3.22 (m, 2 H), 2.34 (s, 3 H), 1.87 
(m, 2 H); MS (ES) m/z: 370 (M+H*), 



EXAMPLE 14 
COMPOUND 11 
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*C02C2H5 



A mixture of IB (2 g, 4.54 mmol), 2, 3-dichloropyrazine (2.03 g, 13.62 
mmol), dichloro-bis(triphenylphosphine)palladium (159 mg, 0.227 mmol) and 
LiCl (953 mg, 22.7 mmol) in anhydrous toluene (20 mL) was stirred at 100 
for 23 h under nitrogen. The cooled reaction mixture was concentrated under 
vacuum. Aqueous sodium carbonate was added to the residue and stinred for 10 
min. then extracted with dichloromethane (3x). The combined dichloromethane 
solution was filtered through celite, dried (NajSOJ and concentrated. The 
product was purified by column chrom'atogr^hy (EtOAc/hexane as solvent) to 
give 648 mg (54%) of Cmd 11 as an off-white solid; *H NMR (300 MHz, 
CDCI3) 6 9.33 (d, J = 2.0 Hz, 1 H), 9,23 (d, J - 2.2 Hz, 1 H), 8.77 (t, J - 2. 1 Hz, 
1 H), 8.67 (d, J = 2.4 Hz, 1 H), 8.45 (d, J = 2.4 Hz, 1 H), 4.46 (q, J = 7.1 Hz, 2 
H), 1.44 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 264 (M+H"). Anal. Calcd. For 
C12H10N3O2CI: C, 54.66; H, 3.82; N, 15.94. Found: C, 54.78; H, 3.76; N, 15.54. 



A mixture of Cmd 11 (567 mg, 2.15 mmol), 3-chloroaniline (359 mg, 2.8 
mmol), Pd2(dba)3 (56 mg. 0.054 mmol), DPPF (95 mg, 0.172 mmol), and 
CsjCOa (1.4 g, 4.3 mmol) in anhydrous dioxane (7 mL) was stirred at 1 10 for 
24 h under nitrogen. Dichloromethane (10 mL) was added to the cooled reaction 
mixture and filtered through celite. The celite cake was washed with more 
dichloromethane and the combuaed filtrate was concentrated. The product was 



EXAMPLE 15 



COMPOUND 12 
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purified by column chromatogrs?>hy (EtOAc/hexane as solvent) followed by 
rectystalUzation &om EtOAc/hexane to give 416 mg (55%) of Cmd 12 as an off- 
white soUd; 'H NMR (300 MHz, CDOa) 5 9.31 (d, J = 2.0 Hz, 1 H), 9.13 (d, J = 
2.2 Hz. 1 H), 8.65 (t, J = 2.1 Hz, 1 H). 8.22 (m. 2 H), 7.67 (brs. 1 H). 7.26 (m, 2 
5 H). 7.04 (m 1 H). 6.63 (s, 1 H). 4.45 (q, J - 7.1 Hz, 2 H), 1.43 (t, J = 7.1 Hz. 3 
H); MS (ES) m/z: 355 (M+H*). Anal. Calcd. For C,gH,sN402Cl: C, 60.94; H, 
4.26; N, 15.79. Found: C, 61.07; H, 4.24; N, 15.60. 

EXAMPI^ 16 

10 COMPOUND 13 



Boc 




C02C2Hg 

A mixture of Cmd 12 (400 mg, 1.13 mmol), BoCiO (493 mg, 2.26 
mmol), and DMAP (20 mg. cat.) in dichloromethane (20 mL) was stirred at 20 
"C for 16 h. The reaction mixture was concentrated and the product was purified 
15 by column chromatography (EtOAc/hexane as solvent) to give 504 mg (98%) of 
Cmd 13 as a yellowish oU; 'H NMR (300 MHz, CDCla) 5 9.26 (d, J = 2.0 Hz, 1 
H), 9.12 (d, J = 2.2 Hz, 1 H), 8.68 (m. 1 H), 8.64 (t. J = 2.1 Hz, 1 H), 8.56 (d, J = 
2.4 Hz, 1 H), 7.21 (m, 3 H), 7.02 (brd, J « 7,9 Hz. 1 H), 4.42 (q, J = 7.1 Hz, 2 H), 

I. 39 (t. J = 7.1 Hz, 3 H). 1.26 (s. 9 H); MS (ES) m/z: 455 (M+H*). Anal. Calcd. 
20 For Cj3Ha3N404Cl: C, 60.73; H. 5.10; N, 12.32. Found: C. 61.47; H, 5.29; N, 

II. 92. 



EXAMPLE 17 
COMPOUND 14 
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Boc 




^ NHBOC 

Compound Cmd 13 (485 mg, 1.07 mmol) was dissolved in methanol (13 
mL) and stiired for 1 0 min then cooled to 0 ^C. A NaOH (1 N. 8 mL) 
solution was added slowly and the mixture was stirred at 0 **C for 20 min then 
5 stirred at 20 °C for another 1 8 h. Glacial acetic acid (7 mL) was added to the 
reaction mixture at 0 slowly followed by the addition of water. A white solid 
was fomied. The white solid was collected through filtration, and washed Avith 
water (3x), dried in vacuum oven overnight to give 262 mg (58%) of Cmd 64 as 
an oflf-white solid; MS (ES) m/z: 425 (M-H"). A mixture of Cmd 64 (262 mg, 

10 0.615 mmol), DPPA (203 mg, 0.74 mmol), triethylamine (106 mg, 1.05 mmol), 
and t-BuOH (2.7 mL) in toluene (2 mL) was stirred under nitrogen at 70 ""C for 
30 min then stirred at 100 °C for 4 h. The reaction mixture was concentrated 
imder vacuum. The product was purified by column chromatography 
(EtOAc/hexane as solvent) to give 224 mg (74%) of Cmd 14 as a white foam; 

15 NMR (300 MHz, CDCI3) 6 8.64 (d, J - 2.1 Hz, 2 H), 8.54 (d, J - 2.5 Hz, 1 
H), 8.50 (d, J = 2.3 Hz, I H), 8.31 (brs, 1 H), 7.26-7.00 (m, 4 H), 6.57 (s, 1 H), 
1.52 (s, 9 H), 1.27 (s, 9 H); MS (ES) m/z: 498 (M+ff). Anal. Calcd. For 
C25H28N5O4CI: C, 60.30; H, 5.67; N, 14.06. Found: C, 60.69; H, 5.80; N, 13.73. 

20 EXAMPLE 18 



COMPOUND 15 



^"NH(CH2)30H 
3-[[5-[5-[(3-chlorophenyl)amino]pyrazinyl]- 
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3-pyridiiiyl]aimno]-l-propaiiol (Cmd 15) 
A mixture of Cmd 14 (82 mg, 0.165 mmol), (3-bromopropoxy)-t-butyl- 
dimetiiylsilane (63 mg, 0.248 mmol) and CsjCOj (161 mg, 0.5 mmol) in DMF (3 
mL) was stirred at 70 'C under nitrogen for 36 h. The reaction mixture was 
5 diluted with water, extracted with ethw (3x), dried (Na2S04) and concentrated. 
The product was purified by column chromatogKq)hy (EtOAc/hexane as solvent) 
to give 73 mg of flie silylated-product as oiL The silylated-product was 
dissolved in TFA (3 mL) and stirred at 20 "C for 1 hour before it was 
concentrated. An ammonium hydroxide solution was added to the residue until 

10 the pH was about 10-11. Water was added and a yellow-orange solid was 

formed. The yellow-orange solid was collected through filtration, washed with 
water and dried under vacuimi. The product was piuified by column 
chromatography (dichloromethane/methanol as solvent) to give 30 mg (51%) of 
Cmd 15 as a light yellow oil; 'H NMR (300 MHz, CDCI3) 5 8.15 (bra, 2 H), 

15 8.08 (d, J = 2.6 Hz, 1 H), 7.97 (d, J = 2.6 Hz, 1 H), 7.72 (brs, 1 H). 7.33 (d, J = 
8.2 Hz, 1 H), 7.20 (m, 2 H), 7.09 (brs, 1 H). 6.99 (d, J = 7.9 Hz, 1 H), 4.57 (m, 1 
H), 3.77 (t, J = 5.6 Hz, 2 H), 3.27 (m, 2 H), 1.86 (m, 2 H); MS (ES) m/z: 356 
(M+JT). Anal. Calcd. For Ci8H,8N5OCl»0.2 HjO: C, 60.15; H. 5.16; N, 19.48. 
Found: C, 60.09; H, 5.56; N, 19.45. 



20 



EXAMPLE 19 
COMPOUND 16 




11^ 

CO2C2H5 

A mixture of IB (441 mg, 1 mmol), 5-bromo-2-iodopyrimidine (285 mg, 
25 1 mmol), dichloro-bis(triphaiylphosphine)palladium (35 mg, 0.05 mmol) and 
LiCl (210 mg, 5 mmol) in anhydrous toluene (5 mL) was stirred at 100 'C for 23 
h under nitrogeiL The cooled reaction mixture was concentrated under vacuum. 
Aqueous sodium carbonate was added to the residue and stirred for 10 miiL then 
extracted with dichloromethane (3x). The combined dichloromelhane solution 
30 was filtered through ceUte, dried (NajS04) and concentrated. The product was 
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purified by column chromatography (EtOAc/hexane as solvent) to give 55 mg 
(18%) of Cmd 16 as a yellow soUd; 'H NMR (300 MHz, CDClj) 5 9.76 (d, J = 
2.1 Hz, 1 H), 9.33 (d, J = 2.0 Hz. 1 H), 9.24 (t. J = 2.1 Hz, 1 H). 8.91 (s, 2 H). 
4.46 (q, J = 7.1 Hz, 2 H), 1.45 (t, J = 7.1 Hz. 3 H); MS (ES) m/z: 310 (M+H*). 



A mixture of Cmd 16 (173 mg, 0.56 mmol), 3-chIoroamline (86 mg. 0.67 
mmol), Pd2(dba)3 (14 mg, 0.014 mmol), DPPF (25. mg, 0.045 mmol), and 
CS2CO3 (365 mg, 1.12 mmol) in anhydrous dioxane (2 mL) was stirred at 1 10 "C 
for 23 h under nitrogen. Dichloromethane (20 mL) was added to the cooled 
reaction mixture. The mixture was filtered through celite. The celite cake with 
more dichloromethane and the combined filtrate was concentrated to give a 
yellow-brown solid. The product was purified by column chromatography 
(EtOAc/hexane as solvent) to give 55 mg (27%) of Cmd 17 as yellow solid; 'H 
NMR (300 MHz. CDCI3) 8 9.71 (d. J = 2.1 Hz, 1 H). 9.27 (d, J = 2.0 Hz, 1 H). 
9.19 (t, J = 2.1 Hz, I H), 8.66 (s, 2 H). 7.29 (m, 1 H), 7.15 (t, J = 1.9 Hz. 1 H), 
7.04 (m, 2 H), 5.90 (s, 1 H), 4.46 (q, J = 7.1 Hz, 2 H), 1 .45 (t, J = 7. 1 Hz, 3 H); 
MS (ES) m/z: 355 (M+H^. 



EXAMPLE 20 
COMPOUND 17 




EXAMPLE 21 
COMPOUND 18 
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I 

15 
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A mixture of Cmd 17 (53 mg, 0.15 mmol), BoCjO (195 mg, 0.89 mmol), 
and DMAP (5 mg, cat.) in dichloromethane (23 mL) was stirred at 20 "C for 4 h. 
The reaction mixture was concentrated and the product was purified by column 
chromatogr^hy (EtOAc/hexane as solvent) to give 59 mg (87%) of Cmd 18 as a 
yellowish oil; 'H NMR (300 MHz, CDCI3) 8 9.75 (d, J = 2.0 Hz. 1 H), 9.30 (d, J 
= 1.9 Hz, 1 H). 9.23 (t, J = 2.0 Hz. 1 H), 8.73 (s, 2 H), 7.33 (m, 3 H), 7.15 (bid. J 
= 7.6 Hz, 1 H), 4.46 (q, J = 7.1 Hz, 2 H), 1.51 (s, 9 H), 1.45 (t, J = 7. 1 Hz, 3 H); 
MS (ES) m/z: 455 (M+H*). 



Compound Cmd 18 (59 mg, 0.13 mmol) was dissolved in mettianol (1 .6 
mL) and stirred for 10 mdn then cooled to 0 'C. A NaOH (1 N. 0.9 mL) 
solution was added slowly and the nmrture was stirred at 0 'C for 20 min then 
stirred at 20 'C for another 18 h. Glacial acetic acid (0.9 mL) was slowly added 
to the reaction mixture at 0 "C followed by the addition of water (2 mL). A 
yellow solid was formed. The yellow solid was collected through filtration, 
washed with water (3x), dried in vacuum oven overnight to give 45 mg (81%) of 
Cmd 65 as a yellow soUd; MS (ES) m/z: 425 (M-H*). A mixture of Cmd 65 
(45 mg, 0.106 mmol), DPPA (35 mg, 0.127 mmol), triethylamine (18 mg. 0.18 
nmiol), t-BuOH (0.5 mL) in toluene (0.4 mL) was stirred under nitrogen at 70 "C 
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for 30 min then stirred at 100 °C for 4 h. The reaction mixture was concentrated 
under vacuum. The product was pvirified by column chromatogr^hy 
(EtOAc/hexane as solvent) to give 40 mg (76%) of Cmd 19 as a yellowish foam; 
'H NMR (300 MHz, CDCI3) 8 9.28 (d. J = 1.7 Hz, 1 H). 8.90 (s, 1 H), 8.67 (s, 2 
5 H), 8.65 (brs, 1 H), 7.41-7.12 (m. 5 H), 1.55 (a, 9 H), 1 .50 (s, 9 H); MS (ES) m/z: 
498 (M+IT). 



EXAMPLE 23 
COMPOUND 20 




10 — "NH(CH2)30H 

3-[[5-[5-[(3-chlorophenyl)amino]-2-pyrimidinyl]- 
3-pyridinyl]amino]-l-propanol (Cmd 20) 
A mixture of Cmd 19 (39 mg, 0.078 mmol), (3-bromopropoxy)-t-butyl- 
dimethylsilane (30 mg, 0.1 17 mmol) and CsjCOj (76 mg, 0.234 mmol) in DMF 

15 (2 mL) was stirred at 70 "C under nitrogen for 36 h. The reaction mixture was 
diluted with water, extracted with ether (3x), dried (NajSOJ and concentrated. 
The product was purified by column chromatogr^hy (EtOAc/hexane as solvent) 
to give 34 mg of the silylated-product as oil. The silylated-product was 
dissolved in TFA (2 mL) and stirred at 20 'C for 2 hours before it was 

20 concentrated. An ammonium hydroxide solution was added to the residue until 
the pH was about 10-11, water was added and a yellow solid was formed. The 
yellow solid was collected through filtration, washed witii water and dried under 
vacuum. The product was purified by column chromatography 
(dichloromethane/methanol as solvent) to give 18 mg (65%) of Cmd 20 as a 

25 foam; 'H NMR (300 MHz, D«.DMSO) 5 8.91 (s, 1 H), 8.71 (s, 2 H), 8.64 (brs, 1 
H), 8,01 (d, J = 2.6 Hz, 1 H). 7.72 (brs, 1 H), 7.31 (t, J = 8.0 Hz, 1 H), 7.16 (s, 1 
H), 7.14 (d, J = 8.2 Hz, 1 H), 6.97 (d, J = 7.0 Hz, 1 H), 6.04 (t, J = 5.3 Hz, 1 H). 
4.55 (t, J = 5.1 Hz, 1 H), 3.53 (q, J = 5.4 Hz, 2 H), 3.14 (q. J = 5.9 Hz, 2 H), 1.74 
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(m, 2 H); MS (ES) m/z: 356 (M+H*). Anal. Calcd. For CigH.gNjOCl-O.S HjO: 
C, 59.26; H, 5.25; N, 19.20. Found: C, 59.49; H, 5.22; N, 18.97. 

EXAMPLE 24 

5 COMPOUND 21 

N 



20 




CO2C2H5 

A mixture of IB (2.7 g, 6.1 minol), 4-chloro-5-bromo-pyrimidine (2,71 
g, 14,06 mmol), dichloro-bis(triphenylphosphme)palladiiini (428 mg, 0.61 
mmol) and LiCl (L28 g, 30.5 imnol) in anhydrous toluene (27 mL) was stirred at 

10 1 00 **C for 23 h under nitrogen. The cooled reaction mixture was concentrated 
imder vacuum. Aqueous sodium carbonate was added to the residue and stirred 
for 10 min. then extracted with dichloromethane (3x). The combined 
dichloromethane solution was filtered through celite» dried (Na2S04) and 
concentrated. The product was purified by column chromatography 

15 (EtOAc/hexane as solvent) to give 303 mg (16%) of Cmd 21 as an ofF-white 
solid; NMR (300 MHz, CDCI3) S 9.35 (d, J = 2,0 Hz, 1 H), 9.24 (m, 2 H), 
9.00 (s, 1 H), 8.78 (t, J = 2.1 Hz, 1 H), 4.46 (q, J = 7.1 Hz, 2 H), L44 (t, J = 7.1 
Hz, 3 H); MS (ES) m/z: 310 (M+H"). Anal. Calcd. For C^H^oNaOaBr: C, 46.77; 
H, 3.27; N, 13.64. Found: C, 46.86; H, 3.28; N, 13.56. 



EXAMPLE 25 
COMPOUND 22 




CO2C2H5 

A mixture of Cmd 21 (303 mg, 0.98 mmol), 3-chloroaniline (176 mg, 
25 1.37 mmol), Pd2(dba)3 (25 mg, 0.0245 mmol), DPPF (43 mg, 0.078 mmol), and 
CS2CO3 (639 mg, 1.96 mmol) in anhydrous dioxane (3 mL) was stirred at 1 10 "^C 
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for 24 h under nitrogen. Dichlorometfaane (20 mL) was added to the cooled 
reaction mixture. The mixture was was filtered flirough celite. The celite cake 
was washed with more dichloromelhane and the combined filtrate was 
concentrated to give a yellow-brown solid. The product was purified by column 
5 chromatography (EtOAc/hexane as solvent) to give 293 mg (84%) of Cmd 22 as 



a yellow-brown foam; 'H NMR (300 MHz, CDClj) 8 9.14 (brs, 2 H), 8.97 (d. J = 
1.3 Hz, 1 H), 8.79 (s, 1 H), 8.67 (d, J = 1.5 Hz, 1 H), 7.19 (t, J = 8.4 Hz, 1 H). 
6.99 (m, 2 H), 6.86 (brd, J = 8.0 Hz, 1 H), 6.21 (brs, 1 H), 4.40 (q, J = 7.1 Hz, 2 
H), 1.40 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 355 (M+H*). 



A mixture of Cmd 22 (290 mg, 0.82 mmol), BoCjO (560 mg, 257 mmol). 



1 5 and DMAP (20 mg, cat) in dichloromethane (5 mL) was stirred at 20 °C for 24 
h. The reaction mixture was concentrated and the product was purified by 
column chromatography (EtOAc/hexane as solvent) to give 349 mg (94%) of 
Cmd 23 as a Ught-biown oil; 'H NMR (300 MHz, CDCI3) 8 9.27 (d, J = 2.0 Hz, 
1 H), 9.26 (s, 1 H), 9.11 (d, J = 2.2 Hz, 1 H), 8.75 (s, 1 H). 8.61 (t, J = 2.1 Hz, 1 

20 H), 7.13 (m, 3 H), 6.90 (bid, J = 7.8 Hz, 1 H). 4.42 (q, J «= 7.1 Hz, 2 H), 1.39 (t, J 
= 7.1 Hz, 3 H), 1.33 (s, 9 H); MS (ES) m/z: 455 (M+lt)- 



10 



EXAMPLE 26 



COMPOUND 23 



CI 




EXAMPLE 27 



COMPOUND 24 



CI 



25 
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Compound Cmd 23 (348 mg, 0.767 minol) was dissolved in methanol 
(9.3 nxL) and stirred for 10 min then cooled to 0 ""C. A NaOH (1 N, 5.5 mL) 
solution was added slowly and the mixture was stirred at 0 ""C for 20 min then 
stirred at 20 **C for another 2 h. Glacial acetic acid (5 mL) was slowly added to 

5 the reaction mixture at 0 followed by the addition of water (20 mL). A 

yellow solid was formed. The yellow solid was collected through filtration, and 
washed with wat^ (2x), then dried in a vacumn oven overnight to give 336 mg 
(99%) of Cmd 66 as a yellow solid; *H NMR (300 MHz, CDCI3) 8 9.35 (d, J « 
1.7 Hz, 1 H), 9.28 (s, 1 H), 9.18 (d, J - 2.1 Hz, 1 H), 8.78 (s, 1 H), 8.72 (t, J = 

10 2.0 Hz, 1 H), 7.1 l(m, 3 H). 6.90 (brd, J = 7.4 Hz, 1 H), 1 .35 (s, 9 H); MS (ES) 
m/z: 425 (M-H"). A mixture of Cmd 66 (326 mg, 0.767 mmol), DPPA (253 mg, 
0.92 mmol), triethylamine (132 mg, 1.3 mmol), and t-BuOH (3.3 mL) in toluene 
(2.5 mL) was stirred under nitrogen at 70 ^'C for 30 min then stirred at 100 ''C for 
4h. The reaction mixture was concentrated under vacuum* The product was 

15 purified by column chromatography (EtOAc/hexane as solvent) to give 310 mg 
(81%) of Cmd 24 as a yellowish foam; ^H NMR (300 MHz, CDCI3) 8 9.22 (s, 1 
H), 8.70 (s, 1 H), 8.58 (d, J = 1.9 Hz, 1 H), 8.52 (d, J - 2.4 Hz, 1 H), 8.34 (brs, 1 
H), 7.16 (m, 3 H), 6.90 (d, J = 7.9 Hz, 1 H), 6.69 (s, 1 H), 1.52 (s, 9 H), 1.34 (s, 9 
H); MS (ES) m/z: 498 (M+ff). Anal. Calcd. For Q5H28N5O4CI: C, 60.30; H, 

20 5,67; N, 14.06. Found: C, 59.91; H, 5.70; N, 13.66. 



EXAMPLE 28 
COMPOUND 25 
CI 




^NH(CH2)30H 

25 3-[[5'-[5-[(3-chlorophenyl)amino]-4-pyiimidinyl]- 

3-pyridinyl]amino]-l-propanol (Cmd 25) 
A mixture of Cmd 24 (83 mg, 0.167 mmol), (3-bromopropoxy)-t-butyl- 
dimethylsilane (63 mg, 0.25 mmol) and CsjCOj (163 mg, 0.5 mmol) in DMF (2 
mL) was stirred at 70 **C under nitrogen for 36 h. The reaction mixture was 
30 diluted with water, extracted with ether (3x), dried (Na2S04) and concentrated. 
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The product was piirified by column chromatography (EtOAc/hexane as solvent) 
to give 92 mg of the silylated-product as an oil. The silylated-product was 
dissolved in TFA (2 mL) and stirred at 20 "C for 4 h before concentration. An 
ammonium hydroxide solution was added to the residue until the pH was about 
10-11. Water was added and a yellow solid was formed. The yellow solid was 
collected tbrou^ filtration, washed with water and dried under vacuum. The 
product was purified by column chromatogrtqihy (dichloromethane/mettianol as 
solvent) to give 30 mg (51%) of Cmd 25 as a light yellow solid; 'H miR (300 
MHz, CDjOD) S 8.88 (s, 1 H), 8.75 (s, 1 H), 8.22 (d, J = 1.6 Hz, 1 H), 7.97 (d, J 
= 2.7 Hz, 1 H), 7.18 (m, 2 H), 7.03 (m, 2 H), 6.90 (dd, J = 7.7, 1.5 Hz, 1 H), 6.24 
(s, 1 H), 4.40 (brt, J = 5.1 Hz, 1 H), 3.79 (t, J = 5.7 Hz, 2 H), 3.27 (q, J = 5.7 Hz, 
2 H). 1.88 (m, 2 H); MS (ES) m/z: 356 (M+H*). Anal. Calcd. For 
C,8H,gN5Oa»0.4 HjO: C, 59.55; H. 5.22; N, 19.29, Found: C. 59.22; H, 5.36; N. 
19.57. 

EXAMPLE 29 
Intermediate Compound 2C 
SnMes 

3-Pyridyl diethyl carbamate (1.0 g, 5.1 mmol, JACS 73 1210 1951) was 
dissolved in THF (10 mL) and was cooled to -78 "C. 1 .3 M of sec BuLi (5.7 
mmol) and TMEDA (0.66 g, 5.7 mmol) was added under nitrogen. The reaction 
mixture was stirred at -78 °C for 1 hour. Trimefliyltin chloride (1.2 g, 6.2 mmol) 
in dry THF (5 mL) was added slowly and the reaction was warmed up to 20°C 
overnight. NH4C1(^ was added to quench the reaction and the product was 
extracted into EtOAc, dried (Na2S04) and concentrated under vacuum. The 
product was purified by column chromatography (BtOAc/hexane as solvent) to 
give 1.2 g (65%) of 2C as a yellow oil; 'H NMR (300 MHz, CDCl,) 5 8.36 (m, 2 
H), 7.38 (brt, J = 4.5 Hz, 1 H), 3.42 (m, 4 H), 1.24 (m, 6 H). 0.35 (s, 9 H); MS 
(ES)m/z: 359 (M+H'). 



EXAMPLE 30 



Intermediate Compound 2D 
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A mixture of 2C (0.1 1 g, 0321 mmol), 2,6-dichloropyraziiie (0.0478 g, 
0.321 mmol), tris-2-furyl phosphine (0.015 g, 0.064 mmol), Cul (0.006 g, 0.032 
mmol) and Pd2(dba)3 (0.015 g, 0.016 mmol) in anhydrous NMP (1 mL) was 
5 stirred at 60 **C overnight under nitrogen. The cooled reaction mixture was 
concentrated imder vacuum. The product was purified by column 
chromatography (EtOAc/hexane as solvent) to give 0.06 g (64%) of 2D as a 
solid; NMR (300 MHz, CDCI3) 5 8.83 (s, 1 H), 8.60 (m, 3 H), 7.71 (d, J - 5.0 
Hz, 1 H), 3.46 (q, J = 7.1 Hz, 2 H), 3.32 (q, J - 7.1 Hz, 2 H), 1.24 (t, J - 7.0 Hz, 
10 3 H), 1.13 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 307 (M+H^. 



EXAMPLE 31 
COMPOUND 27 




1 5 4-[6-[(3-chlorophenyl)amino]pyrazinyl]- 

3-pyridinyl carbamic acid, diethyl-ester (Cmd 27) 
A mixture of 2D (0.1 g, 0.326 mmol), 3-chloroaniline (0.05 g, 0.391 
mmol), Pd2(dba)3 (0.0085 g, 0.008 mmol), DPPF (0.015 g, 0.026 mmol), and 
CS2CO3 (0.21 g, 0.652 mmol) in anhydrous dioxane (2 mL) was stirred at 100 °C 

20 ovemight under nitrogen. Dichloromethane (100 mL) was added to the cooled 
reaction mixture, then the mixure was filtered through celite. The celite cake 
was washed with more dichloromethane and the combined filtrate was 
concentrated to give a yellow sohd. The solid was purified by column 
chromatography (EtOAc/hexane as solvent ) to give 0.088 g (68%) of Cmd 27 

25 as a yeUow solid; 'H NMR (300 MHz, CDCI3) 5 8.56 (d, J = 4.4 Hz, 2 H), 8.39 
(s, 1 H), 8.08 (s, 1 H), 7.74 (d, J = 5.0 Hz, 1 H), 7.54 (t, J = 1.6 Hz, 1 H), 7.32 (d. 
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J = 8.0 Hz, 1 H). 7.23 (t, J = 8.0 Hz, 1 H), 7.04 (m, 2 H), 3.46 (q, J = 7.0 Hz, 2 
H), 3.34 (q, J = 7.1 Hz, 2 H), 1.24 (t, J = 7.0 Hz, 3 H), 1.15 (t, J = 7.0 Hz, 3 H); 
MS (ES) m/z: 398 (M+H*). 



EXAMPLE 32 
COMPOUND 28 




N 

4-[6-[(3-chlorophenyl)amino]pyrazinyl]-3-pyri<iinol (Cmd 28) 
Cmd 27 (1.0 g, 2.5 mmol) was treated with absolute EtOH (50 mL) and 

10 10% NaOH(j^ (50 mL). The reaction mixture was refluxed overnight. The 
solvent was removed and the residue was acidified with 1 N HCl and then 
basified back to pH = 10. A yellow suspension was fbnned. The product was 
extracted into CH2CI2 and dried (Na2S04). Solvent was removed to give 0.4 g 
(53%) of Cmd 28 as a yellow soUd; 'H NMR (300 MHz, D«-DMSO) 8 9.90 (s, 1 

15 H), 8.80 (s. 1 H), 8.35 (s, 1 H), 8.26 (s, 1 H), 8.19 (d, J = 4.4 Hz, 1 H), 7.93 (brs. 
1 H), 7.85 (d, J = 4.9 Hz, 1 H). 7.56 (d, J = 7.3 Hz, 1 H), 7.37 (t, J = 8.1 Hz, 1 
H), 7.05 (d, J = 9. 1 Hz, 1 H); MS (ES) m/z: 299 (M+Tt). 



EXAMPLE 33 
20 COMPOUND 29 




Palladium acetate (0.121 g, 0.537 mmol), BINAP (0.368 g 0.591 mmol), 
r-BuONa (3.609 g, 37.6 mmol), 2,6-dichloropyrazine (4 g, 26.85 mmol), 3- 
chloroaniline (3.44 g, 26.85 mmol) in toluene (100 mL) was stirred at 80 °C for 
25 22 h under Nj. CHjClj was added, the reaction mixture was filtered through 
celite and the solvent was evt^orated. Product was purified by column 



• 
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10 



15 



) 

20 



chromatogri^hy (EtOAc/hexane as solvent ) to give 5.8 g (90%) of Cmd 29; 'H 
NMR (300 MHz, CDCI3) 8 8.11 (s, 1 H), 8.03 (s, 1 H). 7.49 (s. 1 H). 7.30 (m, 2 
H). 7.12 (m. 1 H). 6.60 (brs, 1 H); MS (ES) m/z: 241 (M+HT). Anal. Calcd. For 
CioHtNsCI-O.ISHjO: C, 49.54; H, 3,02; N, 17.33. Found: C, 49.38; H. 2.86; N, 
17.22. 



(CF3S02)20 (0.12 g, 0.4 mmol) and ttie^lamine (0.04 g, 0.4 mmol) was 
added to a solution of Cmd 28 (0.1 g, 0.33 nunol) in anhydrous CH2CI2 (5 mL) 
at 0 "C. The reaction was stirred under nitrogen at 20 "C for 8 h under N]. The 
reaction mixture was concentrated under vacuum. The product was purified by 
column chromatography (EtOAc/hexane as solvent) to give 0.072 g (51%) of 
triflate as an oil. The triflate was dissolved in CH2CI2 (^ ^aad treated with 
BocjO (0.041 g, 0.19 mmol) and DMAP (0.002 g, 0.019 mmol). The reaction 
mixture was stirred overnight at 20 "C under nitrogen. The solvent was removed 
under vacuimi and the product was purified by column chromatogr^hy 
(EtOAc/Hex as solvent) to give 0.078 g (88%) of Cmd 30 as an oil. 'H NMR 
(300 MHz, CDCI3) 8 9.16 (s, 1 H), 8.73 (s, I H), 8.68 (s, 1 H), 8.67 (d, J = 4.9 
Hz, 1 H), 7.49 (d, J = 5.0 Hz, 1 H), 7.29 (m, 3 H), 7.14 (dt, J = 7.0, 2.0 Hz, 1 H), 
1.48 (s, 9 H); MS (ES) m/z: 531 (M+H*). 



EXAMPLE 34 



COMPOUND 30 




EXAMPLE 35 



COMPOUND 31 
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NH(CH2)20H 
2~[[5'[6-[(3-cMorophenyl)atmno]pyrazinyl]- 
3-pyridinyl]animo]-ethanol (Cmd 31) 




5 

10 
15 
20 



A mixture of Cmd 67 (0.1 g, 0.2 mmol), (2-bromoethoxy)-/-butyl- 
dimethylsilaue (0.07 g, 0.3 mmol) and Cs^COa (0.197 g, 0.6 mmol) inDMF (4 
mL) was stirred at 70 ''C \mder nitrogen for 22 h. The reaction mixture was 
diluted with water, extracted with ether (3x), dried (Na2S04) and concentrated. 
The product was purified by column chromatography (EtOAc/hexane as solvent) 
to give 0.05 g of the silylated-product as an oil. The silylated-product was 
dissolved in TFA (1.5 mL) and stirred at 20 for 2 h before it was 
concentrated. An ammonium hydroxide solution was added to the residue until 
the pH was about 10-1 1 and a yellow solid was formed. The yellow solid was 
collected through filtration, washed with water and dried under vacuum to give 



0.029 g (43%) of Cmd 31 as a Ught yeUow soUd; *H NMR (300 MHz, D*- 
DMSO) 8 9,87 (s, 1 H), 8.59 (s, 1 H), 8.46 (s, 1 H). 8.22 (s, 1 H), 8.12 (m, 2 H), 
7.61 (d. J = 8.2 Hz, 1 H), 7.52 (s, IH), 7.37 (t, J = 8.1 Hz, 1 H), 7,03 (d, J = 7.8 
Hz, 1 H), 6.10 (t, J = 5.3 Hz, 1 H), 4.79 (t, J = 5.3 Hz, 1 H), 3.63 (m, 2 H), 3.25 
(m, 2 H); MS (ES) m/z: 342 (M+tf). 



COMPOUND 32 



^ NH(CH2)40H 
4-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]amino]-l-butanol (Cmd 32) 




wo 02/24681 



PCTAJSOl/29175 



77 

A mixture of Cmd 67 (0.034 g, 0.068 mmol), (4-bromobutoxy)^^-butyl- 
dimethylsilane (0.023 g, 0.1 mmol) and Cs^COj (0.067 g, 0.2 mmol) in DMF (2 
mL) was stirred at 70 *C under nitrogen for 5 days. The reaction mixture was 
diluted with water, extracted with ether (3x), dried (Na2S04) and concentrated. 
5 The product was purified by column chromatography (EtOAc/hexane as solvent) 
to give 0.037 g of the silylated-product as an oil. The silylated-product was 
dissolved in TFA (1 .5 mL) and stirred at 20 *C for 2 h before it was 
concentrated An ammonium hydroxide solution was added to the residue imtil 
the pH was about 10-1 1 and a yellow soUd was formed. The yellow solid was 



10 collected through filtration, washed with water and dried xmder vacuum to give 
0,016 g (64%) of Cmd 32 as a Ught yellow soUd; *H NMR (300 MHz, D*- 
DMSO) 5 9.88 (s, 1 H), 8.60 (s, 1 H), 8.45 (s, 1 H), 8.20 (m, 2 H), 8*08 (d, J = 
2.5 Hz, 1 H). 7.56 (d, J = 8.2 Hz, 1 H), 7.48 (s, IH), 7.36 (t, J « 8.0 Hz, 1 H). 
7.03 (dd, J - 7.7, 1.4 Hz, 1 H), 6.12 (t, J = 5.2 Hz, 1 H), 4.45 (t, J - 5.1 Hz, 1 H), 

15 3.44 (q, J = 6.1 Hz, 2 H), 3.15 (q, J - 6.2 Hz, 2 H), 1 .59 (m, 4 H); MS (ES) m/z: 
370 (M+H^). 



A mixture of Cmd 67 (0.05 g, 0. 1 mmol), 2- 
dimethylaminoefiiylchloride hydrochloride (0.022 g, 0.15 mmol) and CsjCOj . 
25 (0.1 g, 0.3 mmol) in DMF (2 mL) and trielhylamine (0.02 g 0.2 mmol) was 

stirred at 70 ^C under nitrogen for 23 h. The reaction mixture was diluted with 
water, extracted with ether (3x), dried (hfa2^0^ and concentrated. The product 
was purified by column chromatography (CH2Cl2/MeOH as solvent) to give 
0.025 g of the dimethylamino product as an oil. The dimetiiylamino-product 



EXAMPLE 37 



COMPOUND 33 



20 



'•^"NH(CH2)2N(CH3)2 
^*-[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]-JV^,iV^-dimethyl-l,2-ethanediamine (Cmd 33) 
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was dissolved in TFA (LO mL) and stirred at 20 °C for 2 hours before it was 
concentrated. An ammonium hydroxide solution was added to the residue until 
the pH was about 10-11. The product was extracted into CH2CI2, washed with 
water and dried (^82804). The product was further recrystallized from 
CHjCla/Hexane to give 0.015 g (41%) of Cmd 33 as a light yellow sohd; 
NMR (300 MHz, CD3OD) 5 8.44 (m, 2 H), 8.13 (m, 2 H), 8.02 (d, J = 2.7 Hz, 1 
H), 7.65 (m, 1 H), 7.52 (dd, J = 2.0, 0.9 Hz, 1 H), 7.29 (t, J - 8,0 Hz, 1 H), 7.00 
(dd, J = 2.0, 0.9 Hz, 1 H), 3.36 (t, J = 6.5 Hz, 2 H), 2.64 (t, J - 6.5 Hz, 2 H), 2.32 
(s, 6 H); MS (ES) m/z: 369 (M+H^. 



EXAMPLE 38 
COMPOUND 34 




Ar-[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
15 3-pyridinyl]-4-morpholinepropanamine (Cmd 34) 

A mixture of Cmd 67 (0.1 g, 0.2 mmol), morphoUnopropyl chloride 
(0.049 g, 0.3 mmol) and CSjCOj (0.197 g, 0.6 mmol) in DMF (4 mL) was stirred 
at 70 °C under nitrogen for 20 hours. The reaction mixture was diluted with 
water, extracted with ether (3x), dried (Na^SO^) and concentrated. The product 
20 was purified by column chromatogrqjhy (CHjClz/MeOH as solvent) to give 0.1 
g of product as a hard foam. The hard foam was dissolved in TFA (2.0 mL) and 
stirred at 20 for 2 h before it was concentrated. An ammonixmi hydroxide 
solution was added to the residue until the pH was about 10-11 and a yellow 
solid was formed. The yellow solid was collected through filtration, washed 
25 with water and dried under vacuum to give 0.053 g (62%) of Cmd 34 as a 

yeUow soUd; ^H NMR (300 MHz, CD3OD) 6 8.43 (s, 1 H), 8.39 (d, J = 1.5 Hz, 
1 H), 8.16 (d, J - 1-9 Hz 1 H), 8.09 (s, 1 H), 7.99 (d, J = 2.3 Hz, 1 H), 7.64 (s, 1 
H), 7.47 (d, J = 7.8. Hz, 1 H), 7.27 (t, J = 8.0 Hz, 1 H), 6.98 (d, J = 7.9 Hz, 1 H), 
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3.66 (m, 4 H), 3.28 (m, 2 H), 2,49 (m, 6 H), 1.85 (m, 2 H); MS (ES) m/z: 425 
(M+HT). Anal. Calcd. For C^U^sWCl •O^SS HJO : C, 60.77; H, 6.05; N, 19.33. 
Found: C, 60.81; H, 5.70; N, 19.00. 



dimethyipropylaniine (0.071 g, 0.45 mmol) and CS2CO3 (0.3 g, 0.9 mmol) in 
DMF (6 mL) and triethylamine (0.06 g, 0.6 mmol) was stirred at 70 under 
nitrogen for 2 days. The reaction mixture was diluted with water, extracted with 
ether (3x), dried (Na2S04) and concentrated. The product was purified by column 

15 chromatography (CHjClz/MeOH as solvent) to give 0.08 g of tiie dimethylamino 
product as an oil. The dimethylamino-product was dissolved in TFA (3.0 mL) 
and stirred at 20 ^'C for 1 .5 h before concentration. An ammonium hydroxide 
solution was added to the residue until the pH was about 10-11. Water was 
added and the product was extracted into CHjClj, washed with water and dried 

20 (NajSOJ. The product was further recrystallized from CHjCyhexane to give 
0.047 g (43%) of Cmd 35 as a Ught yellow soUd; NMR (300 MHz, CD3OD) 
S 8.42 (m, 2 H), 8.16 (t, J « 2.0 Hz. 1 H), 8.10 (s, 1 H), 8.00 (d, J = 2,6 Hz, 1 H), 
7.63 (t, J = 2.0 Hz, 1 H), 7.48 (dd, J - 7.5, 1.2 Hz, 1 H), 7.28 (t, J 8.0 Hz, 1 H), 
6,98 (dd, J = 7.2, 1.1 Hz, 1 H), 3.27 (m, 2 H), 2.54 (brt, J - 7.5 Hz, 2 H), 2.30 (s, 

25 6 H), 1.88 (m. 2 H); MS (ES) m/z: 383 (M+H*). Anal, Calcd. For QoH^aNeOCl 
•0.9 H2O : C, 60.19; H, 6.26; N, 21.06, Found: C, 60.40; H. 5.96; N, 20.68. 



EXAMPLE 39 



COMPOUND 35 



^"NH(CH2)3N(CH3)2 
Ar*-[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]-iV^,A/^-dimethyl-l ,3-propanediamine(Cmd 35) 
A mixture of Cmd 67 (0.15 g, 0.3 mmol), (3-chloro-N, N- 




EXAMPLE40 



COMPOUND 36 
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H 




'CONH(CH2)20CH3 



5 



5-[6-[(3-chlorophenyl)aimno]pyrazinyl]- 
isr-(2-metiioxye1hyl)-3-pyridinecarboxamide(Cmd 36) 
A mixture of Cmd 3 (0.05 g, 0,12 mmol), 2-methoxyethylainine (0.009 
g, 0.12 mmol) diisopropylethylamine (0.06 g, 0.47 mmol) and HATU (0.045 g. 



0. 12 mmol) in DMF (2 mL) was stirred at 20 ''C imder overnight. Solvent 
was removed and product was purified by column chromatography 
(CaHjClj/MeOH as solvent) to give 0*033 g of product as a solid. The above 
product was dissolved in TFA (2.0 mL) and stirred at 20 °C for 2 h before it was 

10 concentrated. An ammonium hydroxide solution was added to the residue until 
the pH was about 10-1 1« a light tan solid was formed. The tan solid was 
collected through filtration, washed with water and dried under vacuum to give 
0.010 g (22%) of Cmd 36 as a Ught tan solid; *H NMR (300 MHz, CD3OD) 8 
9.36 (s, 1 H), 9.02 (s, 1 H), 8.85 (s, 1 H), 8.56 (s, 1 H), 8,16 (s, 1 H), 8.02 (s, 1 

15 H), 7.59 (d, J = 8,0 Hz, 1 H), 7.30 (t, J = 8.0 Hz, 1 H), 7.02 (d, J = 7.9 Hz, 1 H), 
3.62 (s, 4 H), 3.39 (s, 3 H); MS (ES) m/z: 384 (M+H^. 



'^=^=^CONH(CH2)3N(CH3)2 
5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
7/-(3-methoxypropyl)-3-pyridinecarboxanaide(Cmd 37) 
A mixture of Cmd 3 (0,075 g, 0,176 mmol), 3- 
dimethylaminopropylamine (0.018 g, 0.176 mmol) diisopropylethylamine (0.09 



EXAMPLE 41 



COMPOUND 37 
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g, 0.69 mmol) and HATU (0.067 g, 0.176 mmol) in DMF (4 mL) was stirred at 
20 ^^C xinder Nj overnight Solvent was removed and product was purified by 
column chromatography (CH2Cl2/MeOH/Acetic acid as solvent) to give 0.015 g 
of product The above product was dissolved in TFA (2.0 mL) and stiired at 20 
S °C for 2 h before it was concentrated. An ammonium hydroxide solution was 
added to the residue until the pH was about 10-11 and a yellow solid was 
formed. The yellow solid was collected through filtration, washed with water 
and dried under vacuiun to give 0.009 g (13%) of Cmd 37 as a yellow solid; 
NMR (300 MHz, CD3OD) 5 9.30 (s, 1 H), 9.02 (s, 1 H), 8.87 (s, 1 H), 8.59 (s, 1 



10 H), 8.20 (s, 1 H). 8.08 (s. 1 H), 7.59 (d, J = 6.4 Hz, 1 H), 7.32 (t, J = 8.0 Hz, 1 
H), 7.02 (d, J = 5.9 Hz, 1 H), 3.48 (t, J = 7.0 Hz, 2 H), 2.50 (brt, J = 7.9 Hz, 2 H), 
2.3 1 (s, 6 H), 1 .87 (m, 2 H); MS (ES) m/z: 41 1 (M+H*). 



20 (0.01 g, 0. 12 mmol) diisopropylethylamine (0.06 g, 0.47 mmol) and HATU 

(0.045 g, 0.12 mmol) in CHjClj (2 mL) was stirred at 20 **C under for 2 days. 
Solvent was removed and the product was purified by colunm chromatography 
(CHjCyMeOH/Acetic acid as solvent) to give 0.02 g of product. The above 
product was dissolved in TFA (1 .0 mL) jand stirred at 20.*C for 1 h before 

25 concentration. An ammonium hydroxide solution was added to the residue until 
the pH was about 10-11 and a yellow solid was formed. The yellow solid was 
collected through filtration, washed with water and dried under vacuum to give 



0.005 g (1 1%) of Cmd 38 as a yeUow solid; *H NMR (300 MHz, CD3OD) 5 
9.39 (s, 1 H), 9.06 (s, 1 H), 8.91 (s, 1 H), 8,59 (s, 1 H), 8.19 (s, 1 H), 8.07 (s, 1 



EXAMPLE 42 



15 



COMPOUND 38 



^ CONH(CH2)2N(CH3)2 
5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
iV'-[2-(dimethylamino)etibLyl]-3-pyridinecaiboxamide (Cmd 38) 
A mixture of Cmd 3 (0.05 g, 0.12 mmol), JSr,iV^dimethylethylenedianiine 




wo 02/24681 



PCT/USOl/29175 



82 



H). 7.59 (d, J = 8.3 Hz, 1 H), 7.32 (t, J = 8.1 Hz, 1 H), 7.02 (d, J == 7.8 Hz, 1 H), 
3.60 (t, J = 6.7 Hz, 2 H), 2.63 (t, J = 6.7 Hz, 2 H), 2.34 (a, 6 H) ; MS (ES) m/z: 
397 (M+H*). 



g, 0.006 mmol) diisopropylethylamine (0.03 g, 0.23 mmol) and HATU (0.022 g. 
0.06 mmol) in DMP (2 mL) was stiired at 20 "C under Nj for 2 days. Solvent 
was removed and the product was purified by column chromatography 
(CI^CyMeOH as solvent) to give 0.019 g of product. The above product was 

1 5 dissolved in TF A (1 .0 mL) and stixred at 20 "^C for 2 h before concentration. An 
ammonium hydroxide solution was added to the residue until the pH was about 
10-1 1 and a yellow solid was formed. The yellow solid was collected through 
filtration, washed with water and dried under vacuum to give 0.009 g (41%) of 
Cmd 39 as a yeUow soUd; 'H NMR (300 MHz, CDjOD) 8 9.38 (d, J = 2.0 Hz, 1 

20 H), 9.02 (d, J = 2.0 Hz, 1 H), 8.86 (t, J = 2.0 Hz, 1 H), 8.58 (s, 1 H), 8.19 (s, 1 
H), 8.06 (t, J = 2.0 Hz, 1 H), 7.59 (dd, J = 8.2, 1.3 Hz, 1 H), 7.31 (t, J = 8.0 Hz, 
1 H), 7.02 (dd, J = 7.9, 1.1 Hz. 1 H), 3.68 (t, J = 6.2 Hz. 2 H), 3.55 (m, 2 H), 1 .88 
(t, J = 6.6 Hz, 2 H); MS (ES) m/z: 384 (M+H*)- 

25 EXAMPLE 44 



EXAMPLE 43 



COMPOUND 39 




10 



5-[6-[(3-chlorophenyl)ainino]pyra2inyl]-^/^(3-hydroxypropyl)- 
3-pyridinecarboxamide (Cmd 39) 
A mixture of Cmd 3 (0.025 g, 0.06 mmol), 3-amino-l-propanol (0.0045 



COMPOUND 40 
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U ^ M 




H 




•CONH(CH2)30CH2CH3 



5-[6-[(3-cUorophenyl)aiiimo]pyrazinyl]-JV^(3-ethoxypr^^ 
3-pyridinecarboxainide (Cmd 40) 
A mixture of Cmd 3 without the Boc group (0.05 g, 0.15 xnmol), 3- 



5 ethoxypropylamine (0.016 g, 0.15 mmol), diisopropylethylamine (0.079 g, 0.61 
mmol) and HATU (0.058 g, 0.15 mmol) in DMF (3 mL) was stirred at 20 
under Nj overnight. Solvent was removed and product was purified by column 
chromatography (CHjCl^/MeOH as solvent) to give 0.057 g (90%) of Cmd 40 as 
a yeUow soUd; >H NMR (300 MHz, CD3OD) 5 9.36 (s, 1 H), 9.01 (s, 1 H), 8.85 
10 (s, 1 H), 8.57 (s, 1 H), 8.18 (s, 1 H), 8.05 (s, 1 H), 7.58 (dd, J = 8.3, 1.0 Hz, 1 H), 
7.30 (t, J = 8.0 Hz, 1 H), 7.00 (dd, J = 8.0, 1.0 Hz, 1 H), 3.71 (m, 1 H), 3.52 (m, 
6 H), 3.21 (q, J = 7.4 Hz, 1 H), 1.93 (m, 2 H), 1.18 (t, J - 7.0 Hz, 3 H); MS (ES) 
m/z: 412 (M+ff). 

15 EXAMPLE 45 



and NaH (60% oil dispersion 0.03 g, 0.7 mmol) was added. After 10 min, 
methoxyacetylchloiide (0.08 g, 0.7 mmol) was added and the reaction was 
stirred for 2-3 hours at 0 '^C under then allowed to warm up to 20 ^'C 
overnight. NH4C1(^ was added to quench the reaction. Solvent was removed 



COMPOUND 41 



'^^NHCOCHgOCHa 
iV-[5-[6-[(3-chlorophenyl)anadno]pyrazmyl]- 
3-pyridinyl]-2-methoxy*acetamide (Cmd 41) 
Cmd 67 (0.052 g, 0.1 mmol) dissolved in anhydrous THF (3 mL) at 0 




wo 02/24681 PCT/USOl/29175 

84 

and the product was extracted into CHjClj, washed with water and dried 
(Na2S04). Product was purified by column chromatography CHex/EtOAc as 
solvent) to give 0.023 g of a yellow solid. The above product was dissolved in 
TFA (1 ,0 mL) and stirred at 20 **C for 1 .5 h before concentration. An ammonium 
5 hydroxide solution was added to the residue until the pH was about 10-1 1 and a 
yellow solid was formed. The yellow soUd was collected through filtration, 
washed with water and dried under vacuum to give 0.008 g (21%) of Cmd 41 as 
a yellow soUd; NMR (300 MHz, CD3OD) 8 8.98 (s, 1 H), 8.86 (brs, 2 H), 
8.48 (s, 1 H), 8.15 (s, 1 H), 7.92 (s, 1 H), 7.72 (d, J « 8.1 Hz, 1 H), 7.32 (t, J = 
10 8.0 Hz, 1 H), 6.99 (d, J = 7.8 Hz, 1 H), 4.11 (s, 2 H), 3.52 (s, 3 H); MS (ES) m/z: 
370 (M+H^. 



EXAMPLE 46 
COMPOUND 42 




JV-[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]-4-(dimethylamino)-benzamide (Cmd 42) 
Cmd 67 (0.05 g, 0.1 mmol) was dissolved in anhydrous THF <3 mL) at 0 
"^C and NaH (60% oil dispersion 0.04 g, 1.0 mmol) was added. After 10 min, 4- 
20 dimethylaminobenzoylchloride (0. 1 8 g, 1 .0 mmol) was added and the reaction 
was stirred for 2-3 hours at 0 ''C under Nj then warmed to 20 ""C overnight. 
NH4Cl(aq) was added to quench the reaction. Solvent was removed and the 
product was extracted into CH2CI2 , washed with water and dried (Na2S04). 
Product was purified by column chromatography (Hex/EtOAc as solvent) to 
25 give 0.042 g of product. The above product (0.036 g 0.056 mmol) was 
dissolved in TFA (1 .0 mL) and stirred at 20 ''C for 1.5 h before it was 
concentrated. An anomonium hydroxide solution was added to the residue until 
the pH was about 10-1 1 and a tan solid was formed. The tan solid was collected 
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through filtration, washed with water and dried under vacuum to give 0.0215 g 
(49%) of Cmd 42 as a tan soUd; *H NMR (300 MEIz, D*^ DMSO) 8 8.97 (m, 3 
H), 8.63 (s, 1 H), 8.27 (s, 1 H), 7,96 (m, 3 H), 7.92 (s, 1 H), 7.84 (dd, J = 8.2, 1.3 
Hz, 1 H), 7.41 (t, J - 8.0 Hz, 1 H), 7.04 (dd, J = 7.9, 1.4 Hz, 1 H), 6.79 (d, J = 
5 9.0 Hz, 2 H), 3.02 (s, 6 H); MS (ES) miz : 445 (M+H*). Anal. Calcd. For 

Cj^HjiN^OCl #1.15 H2O : C, 61.91; H, 5.04; N. 18,05. Found: C, 62.27; H, 4.83; 
N, 17.67. 



EXAMPLE 47 
10 COMPOUND 43 




jV-[5-[6-[(3-chlorophenyl)ainino]pyrazinyl]- 
3-pyridinyl]-3-pyridinecarboxamide (Cmd 43) 
Cmd 67 (0.05 g, 0.1 mmol) was dissolved in anhydrous THF (3 mL) at 0 

15 "^C and NaH (60% oil dispersion 0.04 g, 1.0 mmol) was added. After 10 min, 
nicotinoyl chloride (0.1 8 g, 1.0 mmol) was added and the reaction was stirred for 
2-3 hours at 0 **C under then allowed to wann to 20 **C overnight. NH4C1(8^ 
was added to quench the reaction. Solvent was removed and the product was 
extracted into CHjCla, washed with water and dried (Na^SOJ. Product was 

20 purified by column chromatogr^hy (Hex/EtOAc as solvent) to give 0.02 g of 
product. The above product was dissolved in TFA (1.0 mL) and stirred at 20 ^C 
for 2 h before it was concentrated. An anmionium hydroxide solution was added 
to the residue until the pH was about 10-11 and a yellow solid was formed. The 
yellow solid was collected through filtration, washed with water and dried under 

25 vacuum to give 0.006 g (1 5%) of Cmd 43 as a yellow solid; *H NMR (300 
MHz, CD3OD) 8 9.17 (brs, 1 H), 9.02 (brs, 2 H), 8.94 (brs, 1 H), 8.77 (m, 1 H), 
8.52 (s, 1 H), 8.45 (m, 1 H), 8.17 (s, 1 H), 7.94 (brs, 1 H), 7.76 (d, J - 8.6 Hz, 1 
H), 7.65 (m, 1 H), 7.34 (t, J - 8.2 Hz, 1 H), 7.05 (m, 1 H); MS (ES) m/z : 403 
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EXAMPLE 48 
Intermediate Compound 3B 




A mixture of 4-iodopicolinic acid (hemi-hydroiodide hydrate) (Lohse, 
Olivier, Synthetic Communications, 1996, 25(10), 2017-2025) (10 g, 30.2 
mmol), GDI (20 g, 123 mmol) in THF (200 mL) was stirred for 60 h at room 
temperature. The reaction mixture was cooled in an ice bath. Ailer methanol 

10 (200 mL) was added, triethylamine (25.4 g , 251 mmol) was added dropwise. 
The reaction stirred for 40 h at room temperature. The reaction mixture was 
concentrated under vacuum. The product was purified by colunm 
chromatography (EtOAc/ hexane as solvent) to give 7.3 g (92%) of 3B as a tan 
solid; NMR (300 MHz, CDCI3) 5 8.52 (d, J = 1.6 Hz, 1 H), 8.40 (d, J - 5.1 

15 Hz, 1 H), 7.88 (dd, J = 5.1, 1.7 Hz, 1 H), 4.02 (s, 3 H); MS (ES) m/z: 264 
(M+H*). 



EXAMPLE 49 
Intermediate Compound 3C 
Sn(/)-Bu)3 

20 o 

A mixture of 3B (7.3 g, 27.7 nmiol), bis(tributyltm) (19.4 g, 33.4 mmol), 
palladium acetate (0.28 g, 1.25 mmol), tri-o-tolylphosphine (2.2 g, 7.23 imnol) 
and triethylamine (5.6 g, 55.7 mmol) in acetonitrile (89 mL) was stirred at 80-90 
"C for 24 h under nitrogen. The cooled reaction mixture was concentrated under 
25 vacuum. Theresidue was purified by column cbiomatography (EtOAc/hexane 
as solvent) to give 8.91 g (75%) of 3C as a yellow oil; 'H NMR (300 MHz, 
CDCl,) 8 8.61 (m, 1 H), 8.22 (m, 1 H), 7.56 (m, 1 H), 4.01(8, 3 H), 1.60-0.90 (m, 
18 H), 0.89 (t, J = 7.3 Hz, 9 H); MS (ES) m/z: 428 (M+H*). 



• 
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EXAMPLE 50 
Intermediate Compound 3E 




O 



5 A mixture of 3C (96.7 mg, 0.227 mmol) 2,6-diiodopyrazine (151 mg, 

0.454 mmol; Turch, A. et al, J. Heterocycl Chem. 1994, 31(6), 1449-53), 
Pd2(dba)3(6 mg, 0.0057 mmol) and triphenylarsine (14 mg, 0.0454 mmol) in 
THF (1 mL) was stirred at reflux for 18 h xmder nitrogen. Aqueous sodiirai 
carbonate was added and stirred for 5 min. and then extracted with 

10 dichloromethane. The product was purified by column chromatography 

(EtOAc/hexane as solvent) to give 16.8 mg (22%) of 3E as an off-white soUd; *H 
NMR (300 MHz, CDCI3) 8 9.08 (s, 1 H), 8.92 (m, 2 H), 8.72 (d, J = 1.7 Hz, 1 
H), 8.10 (d, J « 5.0 Hz, 1 H), 4,08 (s, 3 H); MS (ES) m/z: 342 (M+H^. 



15 EXAMPLE 51 

COMPOUND 44 




O 



A mixture of 3E (416 mg, 1.22 mmol), 3-chloroamline (234 mg, 1.83 
mmol), Pd2(dba)3 (31.6 mg, 0.003 mmol), DPPF (54 mg, 0.096 mmol), CS2CO3 
20 (795 mg, 2.44 nmiol) in anhydrous dioxane (3.6 mL) was stirred at 100 for 24 
h under nitrogen. The reaction mixture was concentrated under vacuum. The 
residue was purified by column chromatography (acetone/dichloromethane as 
solvent) to give 16 mg (3.8%) of Cmd 44 as a yellow solid; 'H NMR (300 MHz, 
CDCI3) 6 8.90 (d, J = 5.1 Hz, 1 H), 8.76 (brs, 1 H), 8.65 (s, 1 H), 8.30 (s, 1 H), 
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8.12 (dd, J = 5.1, 1.8 Hz, 1 H), 7.78 (brs, 1 H), 7.40-7.30 (m, 2 H), 7.12 (d, J = 
7.5 Hz. 1 H), 6.73 (s, 1 H), 4.07 (s. 3 H); MS (ES) m/z: 341 (M+H*). 

EXAMPLE 52 
COMPOUND 45 

5 CI 

A mixture of Cmd 29 (1.1 g, 4.6 mmol), BocjO (3 g, 13.8 mmol) and 
DMAP (~200mg, cat) in dichloromethane (65 mL) was stirred at 20 °C for 16 h. 
The reaction mixture was concentrated and the product was purified by column 
chromatography OBtOAc/hexane as solvent) to give 1.6 g (100%) of Cmd 45 as a 
10 tan wax; 'H NMR (300 MHz. CDCl,) 8 8.87 (s. 1 H). 8.32 (s, 1 H). 7.34-7.27 (m, 
2 H), 7.21 (bis, 1 H), 7.10 (dt, J = 6.9, 2.1 Hz. 1 H), 1.46 (s, 9 H); MS m/z: 362 
(M+Na^. 

EXAMPLE 53 
15 COMPOUND 46 



r 

CI 




A mixture of 2-methoxy-6-(tributyltm)pyridme (W09321 178, published 
28 October 1993 by Pfizer Limited; 384 mg, 1.13 mmol), Cmd 45 (502 mg, 1.26 
mmol), Pd2(dba)3 (27 mg, 0.026 mmol), triphenylarsine (64 mg, 0.21 mmol) and 

20 THF (4.5 mL) was refluxed for 4 days under nitrogen. The product was purified 
by column chromatography (EtOAc/hexane as solvent) and reciystallized firom 
hexane to give 233 mg (45%) of Cmd 46 as a white solid ; * H NMR (300 MHz, 
CDCI3) S 9.36 (s, 1 H), 8.92 (s, 1 H), 7.59 (m, 1 H), 7.50 (dd, J = 7.4, 0.8 Hz, 1 
H), 7.37-7.26 (m, 3 H), 7.20 (dt, J = 7.3, 1.9 Hz, 1 H), 6.77 (dd, J = 8.1, 0.8 Hz, 1 

25 H), 4.03 (s, 3 H), 1.49 (s, 9 H); MS (ES) m/z: 413 (M+H*). 



• 
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EXAMPLE 54 
COMPOUND 47 




5 A mixture of Cmd 46 (230 mg, 0.56 nunol) and pyridine hydrochloride 

(1 .6 g, 14 mmol) was heated under nitrogen at 220 for 40 min. The cooled 
reaction mixture was triturated in a mixture of dichlorometfaane and 30% 
ammonimn hydroxide. Dichloromethane was removed under vacuum and the 
solid was collected thiough filtration and dried under vacuum to give 108 mg 

10 (65%) Cmd 47 as an ofif-white solid; 'H NMR (300 MHz, D*-DMSO) 8 1 1.2 
(brs, 1 H), 9.92 (brs, 1 H), 8.70 (brs, 1 H), 8,28 (brs, 1 H), 7.99 (brs, 1 H), 7.70- 
7.50 (m, 2 H), 7.38-7.30 (m, 2 H), 7.06 (brs, 1 H), 6.60 (brs, 1 H); MS (ES) m/z: 
298 (M+HT). 



15 EXAMPLE 55 

COMPOUND 48 
F 




O 



A mixture of ID (320 mg, 1.22 mmol), 3-fluoroaniline (205 mg, 1.83 
mmol), Pd2(dba)3 (31.6 mg, 0.03 mmol), DPPF (54 mg, 0.096 mmol), CSjCOa 
20 (795 mg, 2.44 mmol) in anhydrous dioxane (3.6 mL) was stirred at 1 10 ^'C for 46 
h under nitrogen. Dichlorometfaane (2 mL) was added to the cooled reaction 
mixture. The mixture was filtered through celite. The celite cake was washed 
with more dichloromethane and the combined filtrate was concentrated to give a 
yellow solid. A small amount of EtOAc was added, and the soUd (45 mg) was 
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10 
15 



collected by filtration. The filtrate was concentrated and purified by column 
chromatography to give 288 mg of Cmd 48 as a yellow solid (total yield 80%); 
'H mm. (300 MHz, CDClj) 8 9.42 (d, J = 2.2 Hz, 1 H), 9.30 (d, J = 2.0 Hz, 1 
H), 8.91 (t, J = 2.1 Hz, 1 H), 8.58 (s, 1 H), 8.26 (s, 1 H), 7.54 (d. J = 10.9 Hz, 1 
H), 7.38-7.24 (m. 1 H), 6.91 (s, 1 H), 6.83 (t, J = 8.1 Hz, 1 H), 4.48 (q, J = 7.1 
Hz, 2 H), 1.46 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 339 (M+H*). 



A mixture of Cmd 48 (293 mg, 0.87 mmol), B0C2O (378 mg, 1,73 
mmol), and DMAP (~40 mg, cat.) in dichloromethane (5.4 mL) was stirred at 20 
°C for 18 h. The reaction mixtm« was concentrated and the product was purified 
by column chromatography (BtOAc/hexane as solvent) to give 301 mg (79%) of 
Cmd 49 as a yellowish oil; 'H NMR (300 MHz, CDCI3) 5 9.22 (d, J = 2.0 Hz, 1 
H), 9.15 (d, J = 2.2 Hz, 1 H), 9.10 (s, 1 H), 8.84 (s, 1 H), 8.65 (t, J = 2.1 Hz, 1 
H), 7.39 (q, J = 6.3 Hz, 1 H), 7.10-7.00 (m, 3 H), 4.43 (q, J = 7.1 Hz, 2 H), 1.49 
(s, 9 H), 1 .43 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 439 (M+H*). Anal. Calcd. For 
Cj3Hj3N404F«0.1 HjO: C, 62.75; H, 5.31; N, 12.73. Found: C, 62.74; H, 5.19; 
N,12.82. 



EXAMPLE 56 



COMPOUND 49 




EXAMPLE 57 
COMPOLIND 50 



wo 02/24681 PCT/USOl/29175 

91 




A mixture of Cmd 49 (410 mg, 0.64 mmol) was dissolved in methanol 
(6.3 mL) and stirred for 10 min then cooled to 0 **C. NaOH^^ (1 N, 1.06 mL) 
was added slowly and the mixture was stirred at 0 **C for 10 min then stirred at 
5 20 ""C for another 18 h* Glacial acetic acid (0.86 mL) was added to the reaction 
mixture at 0 **C slowly followed by the addition of water (3.2 mL). A yellow 
soUd was formed. The yellow solid was collected through iSltration, washed 
witfi water (5x), and dried in a vacuum oven overnight to give 222 mg (85%) of 
Cmd 50 as a yellow soUd; NMR (300 MHz, CDCI3) 5 9.29 (brs, 1 H), 9,20 
10 (brs, 1 H), 9.13 (brs, 1 H), 8.86 (brs, 1 H), 8.73 (brs, 1 H), 7.44-7.27 (m, 1 H), 
7.07- 6.91 (m, 3 H). 1,50 (s, 9 H); MS (ES) m/z: 409 (M-H*). 



EXAMPLE 58 
COMPOUND 51 



15 




A mixture of Cmd 50 (210 mg, 0.513 mmol), DPPA (169 mg, 0.616 
mmol), triethylamine (103 mg, 1 .02 mmol), and t-BuOH (2.16 mL) in toluene 
(1 .54 mL) was stirred under nitrogen at 100 **C for 3 h. The reaction mixture was 
concentrated imder vacuum. The product was purified by coluzxm 
20 chromatography (BtOAc/hexane as solvent) to give 77 mg (3 1 %) of Cmd 51 as a 
yellowish gum; NMR (300 MHz, CDCI3) 5 8.99 (s, 1 H), 8.80 (s, 1 H), 8.68 
(d, J = 1.9 Hz, 1 H), 8.46 (d, J = 2.5 Hz, 1 H), 8.38 (brs, 1 H), 7.41-7.27 (m, 1 
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H), 7.06-7.01 (m, 3 H), 6.58 (brs, 1 H), 1.54 (s, 9 H), 1.49 (s, 9 H); FAB-HRMS 
(M+IT). Calcd. for C^H^sO^F 482.2204, found 482.2204. 



EXAMPLE 59 
5 COMPOUND 52 




3-[[5-[6-[(3-fluorophenyl)ainino]pyrazinyl]- 
3-pyridinyl]amino]-l "propanol (Cmd 52) 
A mixture of Cmd 51 (73 mg 0.152 mmol), (3-bromopropoxy>r-butyl- 

10 dimethylsilane (57.8 mg, 0.228 mmol) and CSjCOj (148 mg, 0.456 mmol) in 
DMF (1,9 mL) was stirred at 70 **C under nitrogen for 36 h. The reaction 
mixture was diluted with water, extracted with ether (3x), dried (Na2S04) and 
concentrated. The product was purified by column chromatography 
(EtOAc/hexane as solvent) to give 66 mg of the silylated-product as an orange 

15 oil. The silylated-product was dissolved in TFA (0.7 mL) and stiired at 20 '^C for 
1 h before it was concentrated. An ammonium hydroxide solution was added to 
the residue until the pH was about 10-1 1 and a yellow soUd was formed. The 
yellow solid was collected through filtration, washed with water and dried under 
vacuum. The yellow soUd was recrystallized from CHsOH/EtOAc to give 14 mg 

20 (27% two steps) of Cmd 52 as a light yellow solid; NMR (300 MHz, 

CD3OD) 8 8.46 (s, 1 H), 8.43 (d, J = 1.8 Hz, 1 H), 8.13 (brs, 1 H), 8,01 (d, J = 
2.7 Hz, 1 H), 7.90 (dt, J - 12.1, 2.1 Hz, 1 H), 7.68 (t, J = 2.1 Hz, 1 H), 7.42^7.28 
(m, 2 H), 6.73 (t, J = 8.3 Hz, 1 H), 3.72 (t, J = 6.2 Hz, 2 H), 3.3 1 (m, 2 H), 1.91 
(m, 2 H); FAB-HRMS (M+H*). Calcd. for C^Hi^NsOF 340.1574, found 

25 340.1586. 



EXAMPLE 60 
COMPOUND 53 



• 



wo 02/24681 



PCT/USOl/29175 



93 



H 




O 

A mixture of ID (400 mg, 1.53 mmol), 3-methoxyaiiiline (281 mg, 2.29 
mmol). Pd2(dba)3 (39.5 mg, 0.038 mmol), DPPF (67.5 mg, 0.119 mmol), CSjCO, 
(993 mg, 3.05 mmol) in anhydrous dioxane (4.5 mL) was stirred at 110 "C for 47 
5 h under nitrogen. Dichloromethane (2 mL) was added to the cooled reaction 
mixture. The mixture was filtered through ceUte. The celite cake was washed 
with more dichloromethane and the combined filtrate was concentrated to give a 
yellow solid. A small amount of EtOAc was added, the soUd (226 mg) was 
collected by filtration and the filtrate was concentrated and purified by column 

10 chromatography to give 62 mg of Cmd 53 as a yellow solid (total yield 65%); 'H 
NMR (300 MHz, CDCI3) 5 9.42 (d, J = 2.1 Hz, 1 H), 9.28 (d, J = 2.0 Hz, 1 H), 
8.89 (t, J = 2.1 Hz, 1 H), 8.53 (s, 1 H ), 8.27 (s, 1 H), 7.3-7.27 (m, 2 H), 7.05 (dd, 
J = 7.9, 1.3 Hz. 1 H), 6.78 (brs, 1 H), 6.69 (brd, J = 7.6 Hz. 1 H), 4.48 (q, J = 7.1 
Hz, 2 H), 3.85 (s, 3 H), 1.56 (t, J = 7.1 Hz, 3 H); Anal. Calcd for 

15 C^HisNA^O-SHjO: C, 63.82; H, 5.33; N, 15.59. Found: C, 63.90; H. 5.20; N, 
15.35. 



A mixture of Cmd S3 (456 mg, 1.3 mmol), BoCjO (568 mg, 2.6 mmol), 
and DMAP (~60 mg, cat) in dichloromethane (8.7 mL) was stirred at 20 for 4 
days. The reaction mixture was concentrated and tlie product was purified by 



EXAMPLE 61 



COMPOUND 54 




20 



O 
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column chromatography (EtOAc/hexane as solvent) to give 521 mg (89%) of 
Cmd 54 as a yellowish oil; 'H NMR (300 MHz, CDClj) 5 9.22 (d, J = 1 .6 Hz, 1 
H), 9.17 (d, J = 1.9 Hz, 1 H), 9.02 (s, 1 H), 8.81 (s, 1 H). 8.68 (bis, 1 H), 7.33 (t, 
J = 8.1 Hz, 1 H), 6.90-6.82 (m, 3 H), 4.44 (q, J = 7.1 Hz, 2 H), 3.81 (s. 3 H), 
5 1.49 (s, 9 H), 1.43 (t, J = 7.1 Hz, 3 H); MS (ES) m/z: 451 (M+H*). Anal. Calcd 
For C,4H26N40s: C, 63.99; H, 5.82; N, 12.44. Foimd: C, 63.85; H, 5.40; N, 12.14 
(ettor = 0,42%) ; FAB-HRMS (M+H*). Calcd. for CmH^S>5 451.1981, found 
451.2007. 

10 EXAMPLE 62 



O 

A mixture of Cmd 54 (521 mg, 1.16 mmol) was dissolved in methanol 
(1 1 .4 mL) and stined for 10 min then cooled to 0 "C. NaOH ^^ (1 N, 1 .92 mL) 

1 5 was added slowly and the mixture was stirred at 0 °C for 1 0 min then stirred at 
20 "C for another 18 h. Glacial acetic acid (1.6 mL) was added to the reaction 
mixture at 0 "C slowly followed by the addition of water (6 mL). A yellow solid 
was formed. The yellow solid was collected through filtration, washed witii 
water (5x), and dried in a vacuum oven overnight to give 399 mg (80%) of Cmd 

20 55 as a yellow soUd; 'H NMR (300 MHz, CDjOD) 5 9.16 (d, J = 2.2 Hz, 1 H), 
9.11 (d, J = 1.9 Hz, 1 H,), 9.04 (s, 1 H), 8.98 (s, 1 H), 8.82 (t, J = 2.1 Hz, 1 H), 
7.35 (t, J = 8.0 Hz, 1 H), 6.96-6.85 (m, 3 H), 3.81 (s, 3 H), 1.48 (s, 9 H); MS 
(ES) m/z: 421 (M-H^). Anal. Calcd. For 'Cnii22%0s»03 HjO: C, 61.76; H, 5.32; 
N, 13.10. Found: C, 61.88; H, 5.21; N, 12.98. 



COMPOUND 55 




0-4: p— 



25 



EXAISdPLE 63 



COMPOUND 56 
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A mixture of Cmd 55 (392 mg, 0.928 mmol), DPPA (307 mg, 1.12 
mmol), triethylamine (188 mg, 1.86 mmol), and t-BuOH (3.9 mL) in toluene 
(2.8 mL) was stbrred under nitrogen at 70 ®C for 30 min. and then 100 **C for 3 h. 
S The reaction mixture was concentrated under vacuum. The product was purified 
by colunm chromatography (EtOAc/hexane as solvent) to give 343 mg (75%) of 
Cmd 56 as a yellowish gum; *H NMR (300 MHz, CDCy 5 8.91 (s, 1 H), 8.78 
(s, 1 H), 8.71 (d, J = 1.9 Hz, 1 H), 8.49 (d. J = 2.5 Hz, 1 H), 8.38 (brs, 1 H), 7.31 
(t, J = 8.2 Hz, 1 H), 6.87-6.82 (m, 3 H), 6.63 (brs, 1 H), 3.81 (s, 3 H), 1.54 (s, 9 
10 H), 1.49 (s, 9 H); MS (ES) m/z: 494 (M+H^. 



EXAMPLE 64 
COMPOUND 57 
H 




H 



15 3-[[5-[6-[(3-methoxyphenyl)amino]pyrazinyl]- 

3-pyridinyl]amino]-l-propanol (Cmd 57) 
A mixture of Cmd 56 (343 mg, 0.70 mmol), (3-bromopropoxy)-^-butyl- 
dimethylsilane (354 mg, 1.4 mmol) and CsjCOj (684 mg, 2.1 mmol) in DMF 
(8.8 mL) was stirred at 70 ^'C under nitrogen for 18 h. The reaction mixture was 
20 diluted with water, extracted with ether (3x), dried (Na2S04) and concentrated. 
The product was purified by colimm chromatography (EtOAc/hexane as solvent) 
to give 246 mg of the silylated-product as an orange oil. 

The silylated-product was dissolved in TFA (2.6 mL) and stirred at 20 ^'C for 18 



f 
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h before it was concentrated. An anunoniiun hydroxide solution was added to 
the residue until the pH was about 10-11 and a yellow solid was formed. The 
yellow solid was collected through filtration, washed with water and dried under 
vacuum. The yellow solid was recrystallized fi-om CHjOH/EtOAc to give 24.3 
S mg (9.9% two steps) of Cmd 57 as a light yellow solid; 'H NMR (300 MHz, 
CD3OD) 8 8.44 (d, J = 1.6 Hz, 1 H), 8.39 (s, 1 H), 8,10 (s, 1 H), 8.00 (d, J = 2.8 
Hz, 1 H), 7.67 (brs, 1 H), 7.65 (brs, 1 H), 7.23-7.20 (m, 2 H), 6.62-6.58 (m, 1 
H), 3.81 (s. 3 H). 3.72 (t, J = 6.2 Hz, 2 H) 3.31 (m, 2 H), 1.90 (m, 2 H); Anal. 
Calcd. For C,sJl2iN502«0.5 HjO: C, 63.32; H, 6.15; N, 19.43. Found: C, 63.51; H, 
10 5.93;N,19.31. 

EXAMPLE 65 
COMPOUND 58 




15 A mixture of ID (320 mg, 1.22 imnol), ben^lamine (144 mg, 1.34 

nmiol), Pd2(dba)3 (32 mg 0.03 mmol), DPPF (54 mg, 0.096 mmol), and Cs^CO, 
(795 mg, 2.44 mmol) in anhydrous dioxane (3.6 mL) was stirred at 110 °C for 39 
h under nitrogen. The cooled reaction mixture was concentrated and piuified by 
column chromatography to give 130 mg of Cmd 58 as a green oil (total yield 

20 28%); 'H NMR (300 MHz, CDCI3) 5 9.35 (d, J = 2.2 Hz, 1 H),' 9.25 (d, J = 2.0 
Hz, 1 H), 8.84 (t, J = 2.0 Hz, 1 H), 8.37 (s, 1 H), 7.94 (s, 1 H), 7.43 - 7.38 (m, 5 
H), 5.13 (m, 1 H), 4.68 (d, J = 5.7 Hz, 2 H), 4.46 (q, J = 7.2 Hz, 2 H), 1.45 (t, J = 
7.2 Hz, 3 H); FAB>HRMS (M+lt). Calcd. for CHwN^Oj 335.1508, found 
335.1515. 



EXAMPLE 66 
COMPOUND 59 
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A mixture of Cmd 58 (220 mg, 1.658 mmol), BoczO (431 mg, 1.98 
nunol), and DMA? (~30 mg, cat.) in dichloromethane (4.1 mL) was stiired at 20 
"C for 4 days. The reaction mixture was concentrated and the prodvict was 
5 purified by column chromatography (EtOAc/hexane as solvent) to give 195 mg 
(68%) of Cmd 59 as a white solid; 'H NMR (300 MHz, CDCI3) 8 9.27 (dd, J - 
7.9, 2.2 Hz, 2 H), 9.22 (s, 1 H), 8.78 (t, J = 2.1 Hz, 1 H), 8.74 (s, 1 H), 7.35-7.21 
(m, 5 H). 5.30 (s, 2 H). 4.46 (q. J = 7.1 Hz, 2 H). 1.50 (s, 9 H), 1.43 (t, J = 7.1 
Hz, 3 H); FAB-HRMS QA+lt). Calcd. for Cj4Hj7N404 435.2032, found 
10 435.2058. 

EXAI^LE 67 
COMPOUND 60 

O 

15 A mixture of Cmd 59 (195 mg, 0.449 mmol) was dissolved in methanol 

(4.4 mL) and stirred for 10 min then cooled to 0 °C. NaOH (1 N, 0.94 mL) 
was added slowly and the mixture was stirred at 0 °C for 10 min then stirred at 
20 **C for another 18 h. Glacial acetic acid (0.8 mL) was added to the reaction 
mixture at 0 "^C slowly followed by the addition of water (3 mL). A solid was 

20 formed and was collected by filtration, washed with water (5x), and dried in 
vacuum oven overnight to give 399 mg (80%) of Cmd 60 as a white solid; 'H 
NMR (300 MHz, CD3OD) 5 9.29 (d, J = 2.0 Hz, 1 H), 9.17 (s, 1 H), 9.15 (d, J = 
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1.6 Hz, 1 H). 8.94 (t, J = 2.1 Hz, 1 H). 8.90 (s, 1 H), 7.42 -7.19 (m, 5 H), 5.30 (s, 
2 H), 1.50 (8, 9 H); MS (ES) m/z: 405 (M-H*); Anal. Calcd. For C^^i^fi^mOA 
HjO; C, 63.88; H, 5.56; N, 13.54. Found: C, 63.85; H. 5.44; N,13.30. 

5 EXAMPLE 68 

COMPOUND 61 



20 




N _ 

H 

A mixture of Cmd 60 (128 mg, 0.315 mmol), DPPA (104 mg, 0.38 
mmol), triethylamine (64 mg, 0.68 mmol), and t-BuOH (1 .33 mL) in toluene 

10 (0.95 mL) was stirred under nitrogen at 70 *C for 30 min. and then at 100 °C for 
19 h. The reaction mixture was concentrated under vacuum. The product was 
purified by column chromatography (EtOAc/hexane as solvent) to give 89 mg 
(59%) of Cmd 61 as a white solid; 'H NMR (300 MHz. CDCy 8 9.13 (s, 1 H), 
8.81 (d, J = 1.8 Hz, 1 H), 8.69 (s, 1 H), 8.55 (d, J = 2.4 Hz, 1 H). 8.38 (brs. 1 H). 

15 7.35-7.21 (m, 5 H), 6.56 (brs, 1 H), 5.28 (s, 2 H), 1.55 (s, 9 H), 1.50 (s, 9 H); 
MS (ES) m/z 478 (M+H*). 

EXAMPLE 69 
COMPOUND 62 




OH 



3-[[5-[6-[(phenylmethyl)ainino]pyra2inyl]- 
3-pyridinyl]amino]-l-propanol (Cmd 62) 
A mixture of Cmd 61 (83 mg, 0.174 mmol), (3-bromopropoxy)-/-butyl- 
dimethylsilane (66 mg, 0.26 mmol) and CsjCOa (170 mg, 0.522 imnol) in DMF 
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(2.1 mL) was stirred at 70 °C under nitrogen for 3 days. The reaction mixture 
was diluted with water, extracted with dichloromethane (3x), dried Q<(a^O^ and 
concentrated. The product was purified by column chromatography 
(EtOAc/hexane as solvent) to give 54 mg of the silylated-product as orange oil. 
5 The silylated-product was dissolved in TPA (0.6 mL) and stirred at 20 °C for 4 h 
before it was concentrated. An ammonium hydroxide solution was added to the 
residue until the pH was about 10-1 1 and a greenish solid was formed. The 
' greenish solid was collected by filtration, washed with water, and dried under 
vacuum. The greenish solid was recrystallized &om CHjOH/EtOAc to give 10 



10 mg (17% two steps) of Cmd 62 as a light greenish solid; 'H NMR (300 MHz, 
CD,OD) 5 8.30 (s, 1 H), 8.15 (s, 1 H), 7.93 (brs. 1 H), 7.86 (s, 1 H), 7.54 (s, 1 
H), 7.42 -7.20 (m, 5 H), 4.64 (s, 2 H), 3.70 (t, J = 6,1 Hz, 2 H), 3,24 (t, J = 6,6 
Hz, 2 H), 1.86 (m, 2 H); MS (ES) m/z: 336 (M+H*), 



O 

Refer to Example 12 for preparation of Cmd 63, an intermediate for 
20 Cmd 9. Characterized as a light-brown solid; MS (ES) m/z: 439 (M-H*). Anal. 
Calcd. For CJi,,li^Ofil*0.S HjO: C, 58.73; H, 4.93; N, 12.45. Found: C, 59.04; 
H, 4,88; N, 12.23 



15 



EXAMPLE 70 



COMPOUND 63 




25 



EXAMPLE 71 
COMPOUND 64 
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Refer to Example 17 for the preparation of Cmd 64, an intermediate for 
Cmd 14. Characterized as an off-white solid; MS (ES) tn/z: 425 (M-IT). 



EXAMPLE 72 
COMPOUND 65 




O 

Refer to Example 22 for the preparation of Cmd 65, an intermediate for 
10 Cmd 19. Characterized as a yellow soUd; MS (ES) m/z: 425 (M-H*). 



EXAMPLE 73 
COMPOUND 66 




15 Refer to Example 27 for the preparation of Cmd 66, an intermediate for 

Cmd 24. Characterized as a yellow solid; 'H NMR (300 MHz, CDCI3) 8 9.35 
(d, J = 1.7 Hz, 1 H), 9.28 (s, 1 H), 9.18 (d, J = 2.1 Hz, 1 H), 8.78 (s, 1 H), 8.72 (t. 
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J = 2.0 Hz, 1 H), 7.1 l(m, 3 H), 6.90 (brd, J = 7.4 Hz, 1 H), L35 (s, 9 H); MS 
(ES)m/z:425(M-H*). 

EXAMPLE 74 
5 COMPOUND 68 




3-[[5-[6-[(3-cUorophenyl)amino]-4-pyrimidinyl]- 
3-pyridinyl]ainiiio]-l-propanol (Cmd 68) 
A mixture of 4,6-dichloropyrimidine Compound 74a (4 g, 26.9 mmol), 3- 

10 chloroaniline (3.44 g, 26,9 mmol), palladium acetate (121 mg, 38 mmol), 

BINAP (368 mg, 59 mmol) and NaO-r-Bu (3.61 & 217 mmol) in toluene (100 
mL) was stirred at 90 ^'C for 40 h under nitrogen. The cooled reaction mixture 
was concentrated under vacuum. The residue was diluted with dichloromethane, 
filtered thru celite, the celite washed with acetone and the combined filtrates 

1 5 were concentrated under vacuum. The product was purified by column 

chromatogr25)hy (100% dichloromethane as solvent) to give 250 mg (4%) of 
Compound 74b as a solid; NMR (300 MHz, D*-DMSO) 8 8.56 (s, 1 H), 7.94 
(s, 1 H), 7.44 (d, J= 8.4 Hz, 1 H), 7.38 (t, 7" 8.0 Hz, 1 H), 7.12 (d, 7= 8.2 Hz, 1 
H), 6.84 (s, 1 H); MS (ES) m/z: 240 (M+H"). A mixture of Compound 74b (240 

20 mg, 1 mmol), Boc^O (436 mg, 2 rmnol), DMAP (cat.) in CHzCla was stirred at 
20 ^C for 3 h and concentrated. The product was purified by column 
chromatogn^hy (EtOAc/hexane as solvent) to give 308 mg (91%) of Compound 
74c as an oil; MS (ES) m/z: 362 (M+Na). Anal. Calcd. For C,5H,5N302Cl2: C, 
52.96; H, 4.44; N, 12.35. Found: C,.52.91; H, 4.43; N, 12.23. 

25 

A mixture of S-bromonicotinic acid Compound 74d (7.14 g, 35.4 mmol), 
t-BuOH (155 mL), triefhylamine (6.08 g, 60 mmol), DPPA (10.69 g, 38.9 mmol) 
in toluene (115 mL) was stirred at 65 **C for 30 min then warmed to 95 **C for 
1 5 h undCT nitrogen. The cooled reaction mixture was concentrated under 
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10 



15 



20 



25 



vacuum. The product was purified by column chromatography (SiO^, 
ethylacelate/hexane as solvent) to give 2.9 g (30%) of Compound 74e as a white 
solid; *H NMR (300 MHz, CDCI3) 8 8.32 (m, 3 H), 6.97 (brs, 1 H), 1.53 (s, 9 H); 
MS (ES) m/z: 273, 275 (M+lT), Anal. Calcd. For CioH^NaOjBr: C, 43.98; H, 
4.80; N, 10.26. Found: C, 43,88; H, 4.52; N, 10.20. A mixture of Compound 
74e (2.85 g, 10.44 mmol), (3-bromopTopoxy)-t-butyldimethylsilane (3.96 g, 
15.66 mmol) and CsjCOj (10.21 g, 31.3 nmaol), in anhydrous DMF (55 mL) was 
stirred at 70 **C for 23 h voider nitrogen. The cooled reaction mixture was diluted 
with water and extracted with ether (3x), dried (Na^SOJ and concentrated. The 
product was purified by colunm chromatography (EtOAc/hexane as solvent) to 
give 4.2 g (90%) of Compound 74f as yellow oil; NMR (300 MHz, CDCI3) 5 
8.45 (brs, 2 H), 7.77 (brs, 1 H), 3.73 (brt, J= 7.3 Hz, 2 H), 3.62 (t, J- 5.9 Hz, 2 
H), 1.81 (m, 2 H), 1.45 (s, 9 H), 0.84 (s, 9 H), 0.00 (s, 6 H); MS (ES) m/z: 445, 
447 (M+H*). Anal. Calcd. For Cj^Ha^NABrSi: C, 51.23; H, 7.47; N, 6.29. 
Found: C, 51.45; H, 7.47; N, 6.53. 

A mixture of Compound 74f (500 mg, 1.12 mmol), bis(tributyltin) (780 
mg, 1.345 mmol), tri-o-tolylphosphine (88.5 mg, 0.29 mmol), palladium acetate 
(1 1 .3 mg, 0.05 mmol), triethylamine (226 mg, 2.24 mmol) in acetonitrile was 
stirred at 95-100 °C for 23 h under nitrogen. The cooled reaction mixture was 
concentrated, sodium carbonate solution was added and stirred for 10 min before 
extracted with hexane (4x). The combined hexane was filtered thru celite, dried 
(Na2S04) and concentrated. The product was pxuified by column 
chromatography (EtOAc/hexane as solvent) to give 395 mg (54%) of Compound 
74g as an oil; *H NMR (300 MHz, CDCI3) 5 8.39 (d, J= 1.2 Hz, 1 H), 8.37 (m, 1 
H), 7.55 (m, 1 H), 3.72 (brt, 7= 7.3 Hz, 2 H), 3.63 (t, J- 6.2 Hz, 2 H), 1.89-1.10 
(m, 29 H), 0.89 (t, 7= 7.2 Hz, 9 H), 0.85 (s, 9 H), 0.00 (s, 6 H); MS (ES) m/z: 
657 (M+H*). A mixture ofCompound74g (396 mg, 0.6 mmol). Compound 74c 
(293 mg, 0.86 mmol), Pd2(dba)3 (16 mg, 0.015 mmol), triphenylarsine (37 mg, 
0.12 mmol) in THF (8 mL) was refluxed for 41 h under nitrogen. The reaction 
mixture was concentrated, sodium carbonate solution was added and stirred for 
1 0 min before extracted with ether (3x). The combined ether layer was dried 
(Na^SOO and concentrated. The product was purified by column 
chromatography (EtOAc/hexane as solvent) to give 63 mg (16%) of the 
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silylated-product as oU; MS (ES) m/z: 670 (M+IT). 



10 



15 



The silylated-product was dissolved in TFA (2 mL) and stirred at room 
temperature for 5 h before it was concentrated. An ammonium hydroxide 
solution was added to the solution imtil the pH was about 10-1 1, water was 
added and a yellow solid was formed The yellow solid was collected tbmi 
filtration, washed widi more water, dried under vacuum. The yellow solid was 
purified by column chromatogr^hy (dry loading, methylene chloride^iethanol 
as solvent) to give 26 mg (77%) of Cmd 68 as yellow solid; 'H NMR (300 
MHz. D«-DMSO) 5 9.94 (s, 1 H), 8.79 (s. 1 H). 8.36 (s, 1 H), 8.08 (brs, 2 H), 
7.56 (d, J= 9.2 Hz, 1 H), 7.47 (s, 1 H). 7.37 (t, J= 8.1 Hz, 1 H), 7.24 (s, 1 H), 
7.07 (d, J= 7.8 Hz, 1 H), 6.14 (m, 1 H), 4.55 (t, J= 5 Hz, 1 H). 3.53 (m, 2 H), 
3.17 (m, 2 H), 1.75 (m, 2 H); MS (ES) m/z: 356 (M+H*). Anal. Calcd. For 
C,gHigNsOCU0.2 HjO: C, 60.15; H, 5.16; N, 19.48. Found: C, 60.31; H, 5.10; N, 
19.15. 




N 



r 



DMAP N 



CI 
74b 



t-BuOH. Br 
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Br(CH2)30TBDMS 
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EXAMPLE 75 



COMPOUND 69 




N'(2 -chlorophenyl)-6-[5-[[3-( 1 -piperazinyl)propyl] amino]- 
3-pyridinyl]-2-pyrazinamine (Cmd 69) 



10 
15 
20 



A mixture of Cmd 67 (prepared as described in Example 6) (0.1 g, 0.2 
mmol), Boc protected l-(3-chIoropropyI)piperazine, (0.079 g, 0.3 mmol) and 
CS2CO3 (0.197 g, 0.6 mmol) in DMF (4 mL) was stirred at 70 xmder nitrogen 
for 20 h. The reaction mixture was diluted with water, extracted with ether (3x), 
dried (NajSOJ and concentrated. The product was purified by colunm 
chromatography (CH2Cl2/MeOH as solvent) to give 0.192 g of product as an oil. 
The oil was dissolved in TFA (2.0 mL) and stirred at 20 'C for 2 h before 
concentrated. Ammonium hydroxide solution was added to the residue until the 
pH was about 10-11 and a yellow solid was formed. The yellow solid was 
collected through filtration, washed with water and dried under vacuum to give 



0.072 g (65 %) of Cmd 69 as a yellow soUd; »H NMR (300 MHz, CD3OD) S 
8.43 (m, 2 H), 8.18 (d, 7= 2.0 Hz, 1 H), 8.1 1 (s, 1 H), 8.00 (d, 2.5 Hz, 1 H), 
7.65 (s, 1 H), 7.49 (brd, / = 8.0 Hz, 1 H), 7.29 (t, J= 8.0 Hz, 1 H), 6.99 (d, J- 
7.0 Hz, 1 H), 3.30 (m, 2 H), 2.86 (m, 4 H), 2.51 (m, 6 H), 1.88 (m, 2 H); MS 
(ES) m/z: 424 (M+H*^. Anal, Calcd. For C^jHz^^Cl #0.9 Hfi : C, 60,03; H, 
6.37; N, 22.28. Found: C, 60.24; H, 6.14; N, 21.94. 



EXAMPLE 76 



COMPOUND 70 
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H 

iV^(3^jUorophenyl)-6-[5-[[4-(4-pyridinyl)butyl]amino]- 
3-pyridinyl]-2-pyTazinainm6 (Cmd 70) 



5 

10 
15 
20 



A mixture of Cmd 67 (prepared as desoibed in Example 6) (0.1 g, 0.2 
mmol), 4-(4-pyridinyl)butyl chloride (0.05 g, 0.3 mmol, Cheng, Tetrahedron 
1993, 49, 5767-5776) and CSjCOj (0.197 g, 0.6 mmol) in DMF (4 mL) was 
stirred at 70 "C under nitrogen for 20 h. The reaction mixture was diluted with 
water, extracted with etb^ (3x), dried (Na2S04) and concentrated. The product 
was purified by column chromatography (CHaCli/MeOH as solvent) to give 0.12 
g of product as an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 
°C for 2 h before concentrated. Ammonium hydroxide solution was added to the 
residue until the pH was about 10-11. The aqueous layer was extracted with 
CH2CI2, dried (Na^SO^i) and concentrated. Product was purified by column 
chromatogr^hy (CHsClj/MeOH as solvent) to give 0.06 g (74%) of Cmd 70 as 
a Ught yeUow soUd; 'H NMR (300 MHz, CDCI3) 8 8.52 (m, 4 H), 8.17 (s, 1 H), 
8.09 (d, 7« 2.3 Hz, 1 H), 7.92 (s, 1 H), 7.50 (s, 1 H), 7.28 (s, 1 H), 7.12 (d, J= 
5.4 Hz, 2 H), 7.06 (m, 1 H), 6.83 (s, 1 H), 3.81 (brs, 1 H). 3.26 (q, 5.9 Hz, 2 
H), 2.69 (t, 7= 7.0 Hz, 2 H), 1.77 (m, 4 H); MS (BS) m/z: 431 (M+H"). Anal. 
Calcd. For C24Hj3N«Cl -0.3 H^O : C, 66.06; H, 5.45; N, 19.26. Found: C, 66.10; 
H,5.40;N, 19.11. 



EXAMPLE 77 



COMPOUND 71 
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jV^(3-chlorophenyl)-6-[5-[[3-(4-pyridinyl)propyl]ai3aino]- 
3-pyridinyl]-2-pyra2mamine (Cmd 71) 
A mixture of Cmd 67 (prepared as described in Example 6) (0.1 g, 0.2 
mmol), 4-(3.chloropropyl)pyridine (0.047 g, 0.3 mmol, Eisch, John JOC 1974, 
5 39(21) 3110-4) and Cs^COa (0.197 g, 0.6 mmol) in DMF (4 mL) was stiired at 
70 ''C under nitrogen for 20 h. The reaction mixture was diluted witti water, 
extracted with ether (3x), dried (NB2SO4) and concentrated. The product was 
purified by column chromatography (EtOAc/MeOH as solvent) to give 0.074 g 
of product as an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 ^'C 
10 for 2 h before concentrated. Ammonium hydroxide solution was added to the 
residue until the pH was about 10-11. The aqueous layer was extracted with 
CH2CI2, dried (NajSO^) and concentrated. Product was purified by column 
chromatography (CHaCla/MeOH as solvent) to give 0.045 g (91%) of Cmd 71 as 
a yellow soUd; NMR (300 MHz, CD3OD) 8 8.42 (m, 4 H), 8. 12 (s, 2 H), 7.99 
15 (s, 1 H), 7.65 (s, 1 H), 7.48 (m, 1 H), 7.34 (s, 2 H), 7.25 (t, J= 8.0 Hz, 1 H), 6.97 
(d, J= 6,7 Hz, 1 H), 3.30 (m, 2 H), 2.83 (m, 2 H), 2.03 (m, 2 H); MS (ES) m/z: 
417 (M+H^. 



EXAMPLE 78 
20 COMPOUND 72 




A^-(3-chlorophenyl)-6-[5-[[3-(3-pyridinyl)propyl]amino]- 
3-pyridinyl]-2-pyrazinamine (Cmd 72) 
A mixture of Cmd 67 (prepared as described in Example 6) (0. 1 g, 0.2 
25 mmol), 3-(3-chloropropyl)pyridine (0.047 g, 0.3 mmol, Eisch, John, JOC 1974, 
39(21), 3110^3 1 14) and Cs^COj (0. 197 g, 0.6 mmol) in DMF (4 mL) was stirred 
at 70 °C under nitrogai for 20 h. The reaction mixture was diluted with water, 
extracted with ether (3x), dried (Na2S04) and concentrated. The product was 
purified by column chromatography (CHjClj/MeOH as solvent) to give 0.093 g 



wo 02/24681 PCT/USOl/29175 

107 

of product as an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 ""C 
for 2 h before concentrated. Ammonium hydroxide solution was added to the 
residue until the pH was about 10-11. The aqueous layer was extracted with 
CH2CI2, dried (Na2S04) and concentrated. Product was purified by column 
5 chromatography (CHjCyMeOH as solvent) to give 0.049 g (78%) of Cmd 72 as 
a yeUow solid; NMR (300 MHz, CDCI3) S 8.55 (m. 4 H), 8.24 (s, 1 H), 8,07 
(s, 1 H), 7.81 (m, 2 H), 7.54 (m, 2 H), 7.27 (m, 2 H), 7.06 (d, J- 7.1 Hz, 1 H), 
3.95 (m, 1 H), 3.28 (m, 2 H), 2.80 (t, J= 7.3 Hz, 2 H), 2.05 (m, 2 H); MS (ES) 
m/z: 417 (M+H^. Anal. Calcd. For C23H2iN<5Cl #0.7 HjO : C, 64.32; H, 5.26; N, 
10 19.57. Found: C, 64.46; 4.97; N, 19.25. 



EXAMPLE 79 
COMPOUND 73 




15 A mixture of Cmd 67 (prepared as described in Example 6) (0.15 g, 0.3 

rmnol), l-(3-chloropropyl)piperidine (0.073 g, 0.45 mmol, US 5414010) and 
CS2CO3 (03 g, 0.9 mmol) in DMF (6 mL) was stirred at 70 °C under nitrogen for 
20 h. The reaction mixture was diluted with water, extracted with ether (3x), 
dried (Na^SOJ and concentrated. The product was purified by column 

20 chromatography (CHjClz/MeOH as solvent) to give 0, 12 g of product as an oil. 
The oil was dissolved in TFA (3.0 mL) and stirred at 20 ^C for 2 h before 
concentrated. Ammoniiun hydroxide solution was added to the residue xmtil the 
pH was about 10-11. The aqueous layer was extracted with CH2CI2, dried 
(Na^SOJ and concentrated. Product was piuified by column chromatography 

25 (CHjCl^/MeOH as solvent) to give 0.067 g (83%) of Cmd 73 as a Ught yellow 
solid; *H NMR (300 MHz, CD3OD) 8 8.46 (s, 1 H), 8.42 (s, 1 H), 8.16 (s, 1 H), 
8.11 (s, 1 H), 8.00 (s, 1 H), 7.65 (s, 1 H), 7.49 (d, J« 9.0 Hz, 1 H), 7.29 (t, J= 
8.0 Hz, 1 H), 6.99 (d, J = 8.0 Hz, 1 H) 3.28 (m, 2 H), 2.57 (m, 6 H), 1.90 (m, 2 
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H), 1.63 (m, 4 H), 1.49 (d, J= 4.4 Hz, 2 H); MS (ES) m/z: 423 (M+BT). Anal. 
Calcd. For CaaHj^N^Cl •0.7 HjO : C, 63.42; H, 6.57; N, 19.29. Found: C, 63.21; 
H, 6.28; N, 18.97. 



5 EXAMPLE 80 



COMPOUND 74 




iV-[5-[6-[(3-cUorophenyl)ainmo]pyrazmyl]- 
3-pyridinyl]-l-pyrrolidinecarboxamide (Cmd 74) 

10 A mixture of Cmd 67 (prepared as described in Example 6) (0. 15 g, 0.3 

mmol), N-(4-bromobutyl)pyrrolidiniiim bromide (0.13 g, 0.45 mmol) CS2CO3 
(0.3 g, 0.9 mmol), and EtjN (0.06 g, 0.6 mmol) in DMF (6 mL) was stirred at 70 
°C under nitrogen for 20 h. The reaction mixture was diluted with water, 
extracted with ether (3x), dried (NajS04) and concentrated. The product was 

15 purified by column chromatography (EtO Ac/Acetone as solvent) to give 0.05 g 
of product as a white solid. The solid was dissolved in TFA (3.0 mL) and stirred 
at 20 **C for 2 h before concentrated. Ammonium hydroxide solution was added 
to the residue until the pH was about 10-11 and a yellow solid was formed. The 
yellow solid was collected through filtration, washed with water and dried under 

20 vacuum to give 0.03 g (75%) of Cmd 74 as a yellow soUd; NMR (300 MHz, 
CD3OD) 5 8.87 (s, 1 H), 8.72 (s, 1 H), 8.66 (s, 1 H), 8.46 (s, 1 H), 8.15 (s, 1 H), 
7.99 (s, 1 H), 7.66 (m, 1 H), 7.30 (m, 1 H), 7.00 (m, 1 H), 3.52 (m, 4 H), 2.00 (m, 
4 H); MS (ES) m/z: 395 (M+H^. 



25 



EXAMPLES! 
COMPOUND 75 



wo 02/24681 




iV-(3-cUorophenyl).6-[5-[[3"(l/^pyra201-l-yl)propyl]amm 
3-pyridinyl]-2-pyrazinamine (Cmd 75) 
l-Bromo-B-chloropropane (11.3 g, 72 mmol) was added dropwise to a 

5 vigorously stirred ice-cooled mixture of pyra2X)le (5.0 g, 73 mmol), K2CO3 (10.0 
g, 73 mmol) and acetone (95 mL). After 3 h cooling bath was removed and the 
reaction mixture stirred at 20 C for 5 days, then filtered. The filtrate was 
concentrated and product was purified by colimm chromatography (using 
EtOAc/hexane as solvent) to give 3.3 g (31%) of Compound 81a as a clear oil; 

10 'H NMR (300 MHz, CDCI3) S 7.52 (d, 7- 1.5 Hz, 1 H), 7.42 (d, J- 2.1 Hz, 1 
H), 6.24 (t, J= 2.0 Hz, 1 H), 4.32 (t, 7- 6.4 Hz, 2 H), 3.45 (t, J= 6.0 Hz, 2 H), 
2.32 (m, 2 H); MS (ES) mJz: 145 (M+H^). A mixture of Cmd 67 (prepared as 
described in Example 6) (0.15 g, 0.3 mmol), l-(3-chloropropyl)pyrazole 
Compound 81a (0.065 g, 0.45 mmol) and CsjCOa (0.3 g, 0.9 mmol), in DMF (6 

1 5 mL) was stirred at 70 **C imder nitrogen for 20 h. The reaction mixture was 
diluted with water, extracted with ether (3x), dried (NajSOJ and concentrated. 
The product was purified by column chromatography (EtO Ac/Acetone as 
) solvent) to give 0.12 g of product as an oil. The oil was dissolved in TFA (3.0 

mL) and stirred at 20 **C for 2 h before concentrated. Ammonium hydroxide 

20 solution was added to the residue until the pH was about 10-1 1 and a solid was 
formed. The solid was extracted with CH^Cl^, dried (N2L2S0^) and concentrated. 
Product was purified by column chromatography (CHaClj/MeOH as solvent) to 
give 0.072 g (90%) of Cmd 75 as an off white solid; ^H NMR (300 MHz, 
CD3OD) 8 8.43 (s, 2 H), 8.10 (d, J= 7,9 Hz, 2 H), 7.98 (s, 1 H), 7.60 (m, 4 H), 

25 7.27 (t, 8.0 Hz, 1 H), 6.98 (d, J= 7.9 Hz, 1 H), 6.26 (s, 1 H), 4.31 (t, J= 6.7 
Hz, 2 H), 3.19 (t, /= 6.7 Hz, 2 H), 2.19 (m, 2 H); MS (ES) m/z: 406 (M+H^. 
Anal. Calcd. For C^AoN^Cl •0.3 H^O : C, 61.33; H, 5.05; N, 23.84. Found: C, 
61.38; H, 4.94; N, 23.75. 
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81a Cmd67 Cmd 75 



EXAMPLE 82 
COMPOUND 76 



5 




^'-(3-chlorophenyl)-6-[5-[[3Kli^-l,2,4-triazol4-yl)propyl]aiim 

3-pyridinyl]-2-pyra2inamine (Cmd 76) 
l-Bromo-3-chloropropane (11.3 g, 72 mmol) was added dropwise under 
N2 to a vigorously stirred ice-cooled mixture of 1,2,4-triazole (5.0 g, 72 mmol), 

10 K2CO3 (10.0 g, 73 mmol) and acetone (95 mL). After 3 h, cooling bath was 

removed and the reaction mixture stirred at 20 C for 5 days, then filtered. The 
filtrate was concentrated and product was pxuified by column chromatography 
(EtOAc/hexane as solvent ) to give 7.1 g (68%) of Compovmd 82a as a clear oil; 
*H NMR (300 MHz, CDCI3) 5 8.1 1 (s, 1 H), 7.96 (s, 1 H), 4.38 (t, J- 6.4 Hz, 2 

15 H), 3.48 (t, J= 6.0 Hz, 2 H), 2.35 (m, 2 H); MS (ES) m/z: 146 (M+H"). A 

mixture of Cmd 67 (prepared as described in Example 6) (0.15 g, 0.3 mmol), 1- 
(3-chloropropyl)-l,2,4-triazole Compound 82a (0.066 g, 0.45 mmol) and CsjCOa 
(0.3 g, 0,9 mmol), in DMF (6 mL) was stirred at 70 **C under nitrogen for 20 h. 
The reaction mixture was diluted with water, extracted with ether (3x), dried 

20 (NajSOJ and concentrated The product was purified by column 

chromatography (EtOAc/Acetone as solvent) to give 0, 15 g of product as an oil. 
The oil was dissolved in TFA (3.0 mL) and stirred at 20 °C for 2 h before 
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conceatrated. Ammonium hydroxide solution was added to the residue until the 
pH was about 10-1 1 and a solid was formed. The solid was then extracted with 
CH2CI2, dried (Na2S04) and concentrated. Product was purified by column 
(diromatography (CHjClj/MeOH as solvent) to give 0.086 g (86%) of Cmd 76 as 
a yellow soUd; 'H NMR (300 MHz. D«- DMSO) 8 9.85 (s. 1 H), 8.59 (s, 1 H), 
8.52 (s, 1 H), 8.47 (s, 1 H), 8.23 (s, 1 H), 8.12 (t, J= 1.9 Hz, 1 H), 8.08 (d, 7= 
2.6 Hz, 1 H), 7.96 (s, 1 H), 7.59 (d, J= 9.5 Hz, 1 H), 7.47 (s, I H), 7.33 (t, J= 
8.1 Hz. 1 H), 7.02 (dd, 7= 7.7, 1,6 Hz. 1 H), 6.23 (t, 7= 5.5 Hz, 1 H). 4.33 (t, 7= 
6.9 Hz, 1 H), 3.15 (m, 2 H), 2.12 (m, 2 H); MS (ES) m/z: 407 (M+H*). Anal. 
Calcd. For CjoHisNjCl •0.4 H^O : C, 58.01; H, 4.82; N, 27.06. Found: C, 58.25; 
H, 4.67; N, 26.90. 

Boc/=\ 




'NHBoc 
Cmd 67 




EXAMPLE 83 
15 COMPOUND 77 




AK3-chlorophenyl>6-[5-[[3-(l/f-imidazol-l-yl)propyl]amino]- 
3-pyridinyl]-2-pyrazinamine (Cmd 77) 
A mixture of Cmd 67 (prepared as described in Example 6) (0.15 g, 0.3 
20 mmol), l-(3-chloropropyl)imidazole (0.065 g, 0.45 mmol) and CSjCOj (0.3 g, 
0.9 mmol), in DMF (6 mL) was stirred at 70 °C under nitrogen for 20 h. The 
reaction mixture was diluted with water, extracted with ether (3x), dried 
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(Na2S04) and concentrated. The product was purified by colunm 
chromatography (EtOAc/MeOH as solvent) to give 0.15 g of product as an oil. 
The oil was dissolved in TFA (3.0 mL) and stirred at 20 T for 2 h before 
concentrated. Anainoiiium hydroxide solution was added to the residue until the 
5 pH was about 10-1 1 and a yellow solid was formed. The yellow solid was 
collected through filtration, washed with water and dried under vacuum to to 
give 0.064 g (64%) of Cmd 77 as a yeUow solid; *H NMR (300 MHz, CD3OD) 
S 8.42 (s, 2 H). 8.00 (m, 4 H), 7.58 (s, 1 H), 7.48 (d, ^ = 8.2 Hz. 1 H), 7.26 (t, J« 
8.0 Hz, 2 H), 7.07 (brs, 1 H), 6.98 (d, 7.4 Hz, 1 H), 4.23 (t, / = 6.8 Hz, 2 H), 
10 3.22 (t, y= 6.5 Hz, 2 H), 2.18 (m, 2 H); MS (ES) m/z: 406 (M+H^. 

EXAMPLE 84 
COMPOUND 78 




H 



1 5 2-[2-[2-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl]- 
3-pyridinyl]amino]ethoxy]ethoxy]-ethanol (Cmd 78) 
A mixture of Cmd 67 (prepared as described in Example 6) (0. 1 g, 0.2 
^ mmol), (2-chloroethoxy)ethoxyethanol (0.05 g, 0,3 namol) and CsjCOj (0. 197 g, 

0.6 mmol) in DMF (4 mL) was stirred at 70 **C under nitrogen for 20 h. The 

20 reaction mixture was diluted with water, extracted with ether (3x), dried 
(NajSOJ and concentrated. The product was purified by colunm 
chromatography (EtOAc/Acetone as solvent) to give 0.03 g of product as an oil. 
The oil was dissolved in TFA (2.0 mL) and stirred at 20 °C for 2 h before 
concentrated. Anamonium hydroxide solution was added to the residue until the 

25 pH was about 1 0-1 1 and a yellow solid was formed. The yellow solid was 

collected through filtration, washed with water and dried under vacuum to give 
0.012 g (60%) of Cmd 78 as a Ught yellow soUd; ^H NMR (300 MHz, D^- 
DMSO) 5 9.87 (s, 1 H), 8.60 (s, 1 H), 8.47 (s, 1 H), 8.23 (s, 1 H), 8.13 (d, J= 8.3 
Hz, 2 H), 7.59 (m, 2 H), 7.37 (t, 8.0 Hz, 1 H), 7.04 (d, 7.7 Hz, 1 H), 6.18 
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(brs, 1 H). 3.63 (t, 5.4 Hz, 2 H), 3.54 (dd, J= 10.0, 3.6 Hz, 4 H), 3.44 (m, 6 
H); MS (ES) m/z: 430 (M+H*). 

EXAMPLE 85 
5 COMPOUND 79 




iV^(3-<ihlorophenyl>6-[5-[[(tetrahydro-2H-pyran'4-yl)methyl]a^ 
3-pyridinyl]-2-pyTazinamine (Cmd 79) 
A mixture of Cmd 67 (prepared as described in Example 6) (0.1 g, 0.2 

10 mmol), tetrahydropyranyI-4-methanesuIfonate ester (0.04 g, 0.3 mmo], Caldwell, 
William WO9900385) and CsjCO, (0.197 g, 0.6 mmol) in DMF (4 mL) was 
stirred at 70 °C under nitrogen for 20 h. The reaction mixture was diluted with 
water, extracted with ether (3x), dried (Na^^^*) ^ concentrated. The product 
was purified by colimm chromatography (BtOAc/Acetone as solvent) to give 

1 5 0.062 g of product as an oil. The oil was dissolved in TFA (2.0 mL) and stixied 
at 20 °C for 2 h before concentrated. Ammonium hydroxide solution was added 
to the residue until the pH was about 10-11. The aqueous layer was extracted 
with CH^Clz, dried (NaiS04) and concentrated. Product was purified by column 
chromatography (EtOAc/MeOH as solvent) to give 0.034 g (83%) of Cmd 79 as 

20 an off white solid; 'H NMR (300 MHz, CDCI3) 5 8.53 (m, 2 H), 8. 17 (s, 1 H), 
8.10 (d, J= 2.6 Hz, 1 H), 7.90 (brs, 1 H), 7.53 (t, 7= 2.2 Hz, 1 H), 7.29 (m, 2 H), 
7.07 (m, 1 H), 6.69 (s, 1 H), 4.02 (dd, J= 1 1.3, 4.3 Hz, 2 H), 3.92 (brs, 1 H), 
3.40 (td, J= 11.9, 1.8 Hz, 2 H), 3.17 (t, 6.0 Hz, 2 H), 1.90 (m, 1 H), 1,74 (brd, 
J= 12.8 Hz, 2 H), 1.42 (qd, 7= 12.2, 4.2 Hz, 2 H); MS (ES) m/z: 396 (M+H*). 

25 Anal. Calcd. For CjiH^aNjClO •0.2 HjO ; C, 63. 14; H, 5.65; N, 17.53. Found: C, 
62.87; H, 5.47; N. 17.54. 



EXAMPLE 86 
COMPOUND 80 
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A mixture of Cmd 67 (prepared as described in Exaix]|>le 6) (0.1 g, 0.2 
mmol), l-chloro-S-phenylpropane (0.047 g, 0.3 nunol) and CS2CO3 (0.197 g, 0.6 
mmol) in DMF (4 mL) was stirred at 70 ''C under nitrogen for 20 h. The reaction 

5 mixture was diluted with wat^, extracted with ether (3x), dried (Na^SOJ and 
concentrated. The product was purified by column chromatography (EtOAc as 
solvent) to give 0.070 g of product as an oil. The oil was dissolved in TFA (2,0 
mL) and stirred at 20 °C for 2 h before concentrated. Ammonium hydroxide 
solution was added to the residue until the pH was about 10-11. The aqueous 

10 layer was extracted with CH2CI2, dried (NajSOJ and concentrated. Product was 
purified by column chromatography (CHjCla/Hexane solvent) to give 0.022 g 
(47%)ofCmd80asanoffwhitesoUd; *H NMR (300 MHz, D*- DMSO) 5 
9.85 (s, 1 H), 8.58 (s, 1 H), 8.45 (brs, 1 H), 8.22 (s, 1 H), 8.16 (s, 1 H), 8.09 (brs. 
1 H), 7.56 (d, 8.0 Hz, 1 H), 7.47 (s, 1 H), 7.26 (m, 6 H), 7.02 (d, J= 7.9 Hz, 1 

15 H), 6.19 (t, 5.5 Hz, 1 H), 3.17 (m, 2 H). 2.72 (t, J= lA Hz, 2 H), 1.89 (m, 2 
H); MS (ES) m/z: 416 (M+H^). Anal. Calcd. For C24H22N5CI •0.1 H2O : C, 
69.01; H, 5.36; N, 16.77. Found: C, 68.64; H, 5.22; N, 16.49. 



A mixture of Cmd 67 ^prepared as described in Example 6) (0.1 g, 0.2 
mmol), 2-chlor6-N,N-diethylacetamide (0.045 g, 03 mmol) and CS2CO3 (0.197 



EXAMPLE 87 



COMPOUND 81 
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g, 0.6 mmol) in DMF (4 mL) was stirred at 70 under nitrogen for 20 h. The 
reaction mixture was diluted with water, extracted with ether (3x), dried 
(NajSOJ and concentrated. The product was pnriJBed by column 
chromatography (EtOAc/Acetone as solvent) to give 0.1 g of product as an oil. 

5 The oil was dissolved in TFA (2.0 mL) and stirred at 20 for 2 h before 

concentrated. Armnonium hydroxide solution was added to the residue until the 
pH was about 10-1 1 and a yellow solid was formed. The aqueous layer was 
extracted with CHjClj. The yellow solid went into the organic layer and was 
dried (Na2S04) and concentrated. Product was purified by column 

10 chromatography (EtOAc/MeOH as solvent) to give 0.042 g (63%) of Cmd 81 as 
a yeUow soUd; *H NMR (300 MHz, CDCI3) 8 8.57 (s, 1 H), 8.51 (s, 1 H), 8.18 
(s, 1 H), 8.15 (d, /= 2.6 Hz, 1 H), 7.84 (t, 2.0 Hz, 1 H), 7.48 (t, /= 2.0 Hz, 1 
H), 7.32 (m, 2 H), 7.05 (d, J= 7.8 Hz, 1 H). 6.84 (s, 1 H), 5.26 (brs, 1 H), 3.97 
(d, J= 4.1 Hz, 2 H), 3.48 (q, J= 7.1 Hz, 2 H), 3.35 (q, J- 7.1 Hz, 2 H), 1.26 (t, 

15 J= 7.1 Hz, 6 H); MS (ES) m/z: 411 (M+H^. 



EXAMPLE 88 
COMPOUND 82 




20 A mixture of Cmd 67 (prepared as described in Example 6) (0. 1 g, 0.2 

nunol), benzyl bromide (0.05 g, 0.3 mmol) and CS2CO3 (0.197 g, 0.6 mmol) in 
DMF (4 mL) was stirred at 70 °C under nitrogen for 20 h. The reaction mixture 
was diluted with water, extracted with ether (3x), dried (Na2S04) and 
concentrated. The product was purified by column chromatography 

25 (EtOAc/Hexane as solvent) to give 0.025 g of product as an oil. The oil was 
dissolved in TFA (2.0 mL) and stirred at 20 °C for 2 h before concentrated. 
Ammonium hydroxide solution was added to the residue until the pH was about 
10-11. The aqueous layer was extracted with CHjCl^, dried (NajSOJ and 
concentrated. Product was triturated with CHjCIa/Hexane to give clean product 
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0.01 1 g (69%) of Cmd 82 as a yellow soUd; 'H NMR (300 MHz, QDClj) 6 8.58 
(s, 1 H), 8.48 (s, 1 H), 8.15 (d, J= 4.9 Hz, 2 H), 7.85 (s, 1 H), 7.57 (s, 1 H), 7.35 
(m, 6 H), 7.05 (d, 7= 6.8 Hz, 2 H), 6.67 (brs, 1 H), 4.46 (d, 7= 5.4 Hz, 2 H), 
4.26 (brs, 1 H ); MS (ES) m/z: 388 (M+H^. 



A mixtuie of Cmd 67 (ptepaxed as described in Example 6) (0.1 g, 0.2 
imnol), beta-bromophenetole (0.061 g, 0.3 mtnol) and CsjCOj (0.197 g, 0.6 
nunol) in DMF (4 mL) was stirred at 70 °C under nitrogen for 20 h. The reaction 
mixture was diluted with water, extracted with ether (3x), dried (NajSOJ and 
concentrated. The product was purified by column chromatography (EtOAc as 
solvent) to give 0.12 g of product as an oil. The oil was dissolved in TFA (2.0 
mL) and stirred at 20 "C for 2 h before being concentrated. Ammonium 
hydroxide solution was added to the residue until the pH was about 10-1 1 and a 
yellow soUd was formed. The aqueous layer was extracted with CHzCl^. The 
yellow solid went into the organic layer and was dried (NajSO^) and 
concentrated. Product was triturated with CH^Cl^ to give clean product 0.055 g 
(68%) of Cmd 83 as a yellow soUd; 'H NMR (300 MHz, D*- DMSO) 5 9.85 (s, 
1 H), 8.61 (s, 1 H), 8.49 (s, 1 H), 8.23 (s, 1 H), 8.14 (s, 1 H), 7.66 (m, 2 H), 7.31 
(m, 3 H), 6.98 (m, 4 H), 6.39 (brs, 1 H), 4. 19 (t, J= 5.2 Hz, 2 H), 3.59 (d, 
5.3 Hz, 2 H); MS (ES) m/z: 418 (M+H^. Anal. Calcd. For Cj3H2oN5C10»0.2 
H2O : C, 65.54; H, 4.88; N, 16.62. Found: C, 65.35; H, 4.72; N, 16.32. 



EXAMPLE 89 



COMPOUND 83 




EXAMPLE 90 
COMPOUND 84 
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6 

4-[[5-[6-[(3-cUon)phenyl)ammo]pyrazinyl]- 
3-pyridinyl]amino]-butaiLoic acid efhyl ester (Cmd 84) 
A mixture of Cmd 67 ^prepared as described in Example 6) (0. 1 g, 0.2 

5 mmol), ethyl-4-bromobutyrate (0.059 g, 0.3 mmol) and CSjCOa (0.197 g, 0.6 
mmol) in DMF (4 mL) was stirred at 70 under nitrogen for 20 h. The reaction 
mixture was diluted with water, extracted with ether (3x), dried ^82804) and 
concentrated. The product was purified by column chromatography 
(EtOAc/Acetone as solvent) to give 0.013 g of product as an oil. The oil was 

10 dissolved in TFA (2.0 mL) and stirred at 20 **C for 2 h before concentrated. 

Ammoniimi hydroxide solution was added to the residue until the pH was about 
10-1 1 and a solid was formed. The aqueous layer was extracted with CHjClj. 
The yellow solid went into the organic layer and was dried (Na^SOJ and 
concentrated. Product was triturated with CHzClz/Hexane to give clean product 

15 0.004 g (46%) of Cmd 84 as an off white solid; NMR (300 MHz, CDCI3) 8 
8.53 (m, 2 H), 8.17 (s, 1 H), 8.09 (brs, 1 H), 7.86 (s, 1 H), 7.54 (s, 1 H), 7.33 (m, 
2 H), 7.06 (m, 1 H), 6,69 (s, 1 H), 4.15 (q, 7.1 Hz, 2 H), 4.08 (brs, 1 H), 3.32 
(m, 2 H), 2.47 (t. J= 7.0 Hz, 2 H) 2.03 (m, 2 H), 1.26 (t, ./ = 7.2 Hz, 3 H); MS 
(ES)m/z:412(M+H'). 



EXAMPLE 91 
COMPOUND 85 




H 

iV^(3-cWorophenyl)-6-[5-[[2-(2-methoxyethoxy)ethyl]ajaiino]- 
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3-pyridinyl]-2-pyrazinamme (Cmd 85) 
A miscture of Cmd 67 (prepared as described in Example 6) (0.1 g, 0.2 
mmol), l-bromo-2-(2-methoxyethoxy)ethane (0.055 g, 0.3 nunol) and CS2CO3 
(0.197 g, 0.6 mmol) in DMF (4 mL) was stirred at 70 **C under nitrogen for 20 h. 

5. The reaction mixture was diluted with water, extracted with ettier (3x), dried 
(Na4S04) and concentrated. The product was purified by column 
chromatography (EtOAc/Acetone as solvent) to give 0.1 g of product as an oil. 
The oil was dissolved in TFA (2.0 mL) and stirred at 20 **C for 2 h before 
concentrated. Ammonium hydroxide solution was added to the residue until the 

10 pH was about 10-11 and a solid was formed. The aqueous layer was extracted 
with CH2CI2. The yellow solid went into the organic layer and was dried 
(Na2S04) and concentrated. Product was purified by column chromatography 
(EtOAc/Acetone as solvent) to give 0.058 g (87%) of Cmd 8S as a light yellow 
solid; *H NMR (300 MHz, D*- DMSO) 8 9.85 (s, 1 H), 8.60 (s, 1 H), 8.47 (brs, 

15 1 H), 8.23 (s, 1 H), 8.14 (s, 1 H), 7.59 (m, 2 H), 7.37 (t, J = 8.0 Hz, 1 H), 7.03 
(d, 7= 8.0 Hz, 1 H), 6.16 (brs, 1 H), 3.63 (t. 7= 5.6 Hz, 2 H), 3.56 (m, 2 H), 
3.45 (m, 2 H), 3.32 (m, 2 H), 3.22 (s, 3 H); MS (ES) m/z: 400 (M+H*). Anal. 
Calcd. For C^oH^^NsClOi : C, 60.07; H, 5.55; N, 17.51. Found: C, 59.92; H, 5.41; 
N, 17.40. 

20 

EXAMPLE 92 
COMPOUND 86 




A mixture of Cmd 67 (prepared as described in Example 6) (0,1 g, 0.2 
25 mmol), l-(3-chlorophenyl)-4-(3-chloropropyI)piperazine (0.093 g, 0,3 mmol) 
and CS2CO3 (0.197 g, 0.6 mmol) in DMF (4 mL) was stirred at 70 ''C under 
nitrogen for 20 h. The reaction mixture was diluted with water, extracted with 
ether (3x), dried (NajSOJ and concentrated. The product was purified by 
column chromatography (BtOAc/Acetone as solvent) to give 0.078 g of product 
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as an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 for 2 h 
before concentrated. Anunonium hydroxide solution was added to the residue 
until the pH was about 10-11. The aqueous layer was extracted with CH2CI2, 
dried (Na2S04) and concentrated. Product was purified by column 
chromatogr^hy (EtOAc/MeOH as solvent) to give 0.042 g (75%) of Cmd 86 as 
a light yellow soUd; NMR (300 MHz, CDCI3) 8 8.51 (s, 2 H), 8.15 (s, 1 H), 
8.08 (s, 1 H), 7.91 (s, 1 H), 7.54 (s, 1 H), 7.26 (m, 2 H), 7.15 (t, J- 8.0 Hz, 1 
H), 7.04 (m, 1 H), 6.79 (m, 4 H), 5.06 (brs, 1 H), 3.37 (t, 6.1 Hz, 2 H), 3.20 
(t, 5.0 Hz, 4 H), 2.60 (m, 6 H), 1.89 (m, 2 H); MS (ES) m/z: 534 (M+H*). 



A mixture of Compound ID (2.7 g, 10.24 mmol), 4-chloroaniline (1.3 g, 
15.35 mmol), Pd2(dba)3 (0.265 g, 0.26 mmol), DPPF (0.45 g, 0.81 mmol), 
CS2CO3 (6.67 g, 24.48 mmol) in anhydroiis dioxane (50 mL) was stirred at 100 
""C overnight imder nitrogen. Dichloromethane (100 mL) was added to the 
cooled reaction mixture, which was then filtered through celite. The celite cake 
was washed with more dichloromethane and the combined filtrate was 
concentrated to give a yellow solid. The solid was purified by column 
chromatography (EtOAc/hexane as solvent) to give 2.0 g (56%) of Compound 
93a as a yeUow soUd; 'H NMR (300 MEIz, CDCI3) 5 9.40 (d, 2.1 Hz, 1 H), 
9.29 (d, y = 1 .9 Hz, 1 H), 8.87 (t, J= 2.0 Hz, 1 H), 8.55 (s, 1 H), 8.22 (s, 1 H), 
7.52 (d, 7= 8.7 Hz, 2 H), 7.35 (d, J= 8.7 Hz, 2 H). 6.71 (s, 1 H), 4.47 (q, J= 7.1 
Hz. 2 H), 1.44 (t, J= 7.1 Hz, 3 H); MS (ES) m/z: 355 (M+ff). Compound 93a 
(1 .5 g, 4.2 mmol) was dissolved in CH2CI2 (80 mL), and treated with BocjO 
(1.8 g, 8.4 mmol) and DMAP (catalytic amount). The reaction mixture was 
stirred at 20 °C under nitrogen for 2 h. The solvent was removed under vacuimi 
and the product was purified by column chromatography (EtOAc/Hex as 
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solvent) to give 1.23 g (65%) of Compound 93b as a hard foam. NMR (300 
MHz, CDCI3) 5 9.25 (d, J= 2.0 Hz, 1 H), 9.16 (d, 7= 1.9 Hz, 1 H), 9.10 (s. 1 H), 
8.82 (s, 1 H), 8.62 (t, J= 2.0 Hz, 1 H), 7.40 (d, 7= 8.8 Hz. 2 H). 7.18 (d. / = 8.7 
Hz. 2 H), 4.45 (q. J= 7.1 Hz, 2 H), 1.50 (s, 9 H), 1.44 (t. 7= 7.1 Hz. 3 H); MS 
5 (ES) m/z: 455 (M+H*). 

Compound 93b (1.23 g. 2.7 mmol) was treated with MeOH (26 mL). 
After 3 min 1 N NaOH(^ (22 mL) was added and the reaction mixture was 
stirred at 20° C for 4 h. Glacial acetic acid and water wrae added to the reaction 

10 mixture until a yellow solid was formed. The solid was filtered and washed with 
water and dried under vacuum to give 1.08 g (94%) of Compound 93c as a 
yellow solid. Compound 93c (0.5 g, 1.12 mmol), EtjN (0.24 g, 2.3 mmol), 
DPPA (1 .44 mol), and t-BuOH (5mL) in toluene (4 mL) was stirred at 70" C for 
40 min und^ and then at 100" C for 4 h. The solvent was rranoved under 

1 5 reduced pressure and product was purified by column chiomatogr^hy 

(EtOAc/Hex as solvent) to give 0.32 g (55%) of Compound 93d as a hard foam; 
'H NMR (300 MHz, CDC13) 5 9.02 (s, 1 H), 8.78 (s, 1 H), 8.68 (d, 7= 1.8 Hz, 1 
H), 8.44 (d, J= 2.4 Hz, 2 H). 7.38 (d, 7= 8.7 Hz, 2 H). 7.22 (d, 7= 8.7 Hz, 2 H), 
6.56 (brs, 1 H), 1.55 (s, 9 H), 1.48 (s. 9 H); MS (ES) m/z: 498 (M+H*). 

20 

A mixture of Compound 93d (0.1 g, 0.2 mmol), 4-(3- 
chloropropyl)pyridine (0.047 g, 0.3 mmol) and CsjCO, (0.197 g. 0.6 mmol) in 
DMF (4 mL) was stirred at 70 "C under nitrogen for 20 h. The reaction mixture 
was diluted with water, extracted with ether (3x), dried (MajSOJ and 
25 concentrated. The product Compound 93e was purified by colimm 

chromatography (EtOAc/MeOH as solvent) to give 0.071 g (59%) of product as 
an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 "C for 2 h before 
being concentrated. Ammonium hydroxide solution was added to the residue 
imtil the pH was about 10-1 1 and a solid was formed. The yellow solid was 
30 collected through filtration, washed with water and dried. Clean product was 

obtained by recrystalUzation (CHjClj/Hexane) to give 0.038 g (79%) of Cmd 87 
as a light yellow soUd; 'H NMR (300 MHz, CD3OD) 8 8.39 (m, 4 H), 8.10 (s, 1 
H), 7.98 (s, 1 H), 7.77 (m, 2 H), 7.61 (s, 1 H), 7.33 (d, 7= 6.1 Hz, 2 H), 7.27 
(dd, 7= 6.9, 2.1 Hz, 2 H), 3.25 (t, 7 = 6.8 Hz, 2 H), 2.84 (t, 7 = 7.6 Hz, 2 H), 
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2.04 (m, 2 H); MS (ES) m/z: 417 (M+IT). 
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EXAMPLE 94 
COMPOUND 88 



OMe 




iV^(4-methoxyphenyl)-6-[5"[[3-(4-pyridinyl)propyl]anim 
3-pyridinyl]-2-pyrazinamine (Cmd 88) 
A mixture of Compound ID (2.7 g, 10.24 mmol), p-anisidine (1.89 g, 
10 15.35 mmol), Pd2(dba)3 (0.265 g, 0.26 mmol), DPPF (0.45 g, 0.81 imnol), 

CS2CO3 (6.67 g, 24.48 namol) in anhydrous dioxane (50 mL) was stirred at 100 
ovemight und^ nitrogen. Dichloromethane (100 mL) was added to the 
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cooled reaction mixture, which was then filtered through celite. The celite cake 
was washed with more dichloromethane and the combined filtrate was 
concentrated to give a yellow solid. The solid was purified by column 
chromatogr^hy ^BtOAc/hexane as solvent ) to give 2.1 g (58%) of Compound 
5 94a as a soUd; 'H NMR (300 MHz, CDCI3) 8 9.39 (d, J= 2.1 Hz, 1 H), 9.27 (d, J 
= 1.9 Hz, 1 H), 8.86 (t, J= 2.0 Hz, 1 H), 8.47 (s, 1 H), 8.12 (s, 1 H), 7.40 (d, 7 = 
8.8 Hz, 2 H), 6.95 (d, 8.8 Hz, 2 H), 6.50 (s, 1 H), 4.46 (q, /= 7.1 Hz, 2 H), 
3.84 (s, 3 H), 1.45 (t, 7.1 Hz, 3 H); MS (ES) m/z: 351 (M+H*). Anal. Calcd. 
For CsHijNA-O.S HjO : C, 63.90; H, 5.22; N, 15.18. Found: C, 63.50; H, 5.33; 
10 N, 15.59. 

Compound 94a (1.7 g, 4.8 mmol) was dissolved in CH2CI2 (100 mL), 
and treated with B0O2O (2.1 9.7 mmol) and DMAP (catalytic amount). The 
reaction mixture was stirred at 20 under nitrogen for 3 h. The solvent was 

1 5 removed under vacuiun and the product was purified by column chromatography 
(EtOAc/Hex as solvent) to give 1.92 g (88%) of Compound 94b as a hard foam; 

NMR (300 MHz, CDCI3) 5 9.22 (d, J- 2. 1 Hz, 1 H), 9.18 (d, /= 1.9 Hz, 1 
H), 9.08 (s, 1 H), 8.78 (s, 1 H), 8.66 (t, 2.0 Hz, 1 H), 7.19 (d, J= 8,7 Hz, 2 
H), 6.92 (d, J = 8.8 Hz, 2 H), 4.45 (q, 7- 7.1 Hz, 2 H), 3.83 (s, 3 H), 1.49 (s, 9 

20 H), 1.44 (t, J= 7.1 Hz, 3 H); MS (ES) m/z: 451 (M+H^), Compound 94b (1.92 
g, 4.2 mmol) was treated with MeOH (40 mL). After 3 min, 1 N NaOH^^q) (32 
mL) was added and the reaction mixture was stirred at 20"* C for 4 h. Glacial 
acetic acid (25 mL) was added to the reaction mixture along with water xmtil a 
yellow solid was fomied. The solid was filtered and washed with water and then 

25 dried under vacuum to give 1.69 g (94%) of Compound 94c as a yeUow solid. 
Compound 94c (0.5 g, 1.2 mmol), EtaN (0.24 g, 2.3 mmol), DPPA (1.44 mol), 
and t-BuOH (5mL) in toluene (8 mL) was stirred at 70*^ C for 40 min under Nj 
and then at 100'' C for 2 h. The solvent was removed under reduced pressure 
and product was was purified by column chromatography (EtO Ac/Hex as 

30 solvent) to give 0.45 g (77%) of Compound 94d as a hard foam; ^H NMR (300 
MHz, CDCI3) 6 8.96 (s, 1 H), 8.74 (s, 1 H), 8.70 (d, J- 1,7 Hz, 1 H), 8.48 (d, J- 
2.4 Hz, 1 H), 8.36 (brs, 1 H), 7.20 (d, /= 8.8 Hz, 2 H), 6.92 (d, J= 8.8 Hz, 2 H), 
6.56 (brs, 1 H), 3.82 (s, 3 H), 1.54 (s, 9 H), 1.47 (s, 9 H); MS (ES) m/z: 494 
(M+H*). 
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A mixture of Compound 94d (0.15 g, 0.3 mmol), 4-(3- 
chloropropyl)pyridine (0.07 g, 0.45 mmol) and CsjCOa (0-3 g, 0.9 mmol) in 
DMF (6 mL) was stirred at 70 °C under nitrogen for 20 h. The reaction mixture 

5 was diluted with water, extracted with ether (3x), dried (Na^SOJ and 
concentrated. The product Compound 94e was purified by column 
chromatography (EtOAc/MeOH as solvent) to give 0.122 g (66%) of product as 
an oil. The oil was dissolved in TFA (2.0 mL) and stirred at 20 °C for 2 h before 
concentrated. AnGmonium hydroxide solution was added to the residue until the 

10 pH was about 10-1 1 and a solid was formed. The yellow solid was collected 
through filtration, washed with water and dried. Clean product was obtained by 
recrystaUization (CH^Cla/Hexane) to give 0.063 g (77%) of Cmd 88 as a light 
yellow solid; *H NMR (300 MHz, CD3OD) 5 8.39 (d, 4.4 Hz, 3 H), 8.30 (s, 
1 H), 8.01 (s, 1 H), 7.96 (d, 2.5 Hz, 1 H), 7.62 (m, 3 H), 7.31 (d, J= 5.8 Hz, 

15 2 H), 6.89 (d, J= 9.0 Hz, 2 H), 3.76 (s, 3 H), 3.31 (t, J- 1.5 Hz, 2 H), 2.82 (t, J 
= 7.3 Hz. 2 H), 2.03 (m, 2 H); MS (ES) m/z: 413 (M+H*). 




EXAMPLE 95 
5 COMPOUND 89 




7V'-(3,4-dicUorophenyl)-6-[5-[[3-(4-pyridinyl)propyl]ar^ 
3-pyridinyl]-2-pyrazmainine (Cmd 89) 
A mixture of Compound ID (2.7 g, 10.24 namol), 3,4-dichloroamliiie 
10 (1.89 g, 15.35 mmol), Pd2(dba)3 (0.265 g, 0.26 mmol), DPPF (0.45 g, 0.81 

mmol), CS2CO3 (6.67 g, 24.48 mmol) in anhydrous dioxane (50 mL) was stirred 
at 100 ^C overnight imder nitrogen. Diehloromethane (100 mL) was added to the 
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cooled reaction mixture, which was then filtered through celite. The ceUte cake 
was washed with more dichloromethane and the combined filtrate was 
concentrated to give a yellow solid. The solid was purified by column 
chromatography (EtOAc/hexane as solvent ) to give 1.0 g (24%) of Compound 
S 95a as a solid. Compound 95a (0.86 g, 1 .77 mmol) was dissolved in CHjClj (35 
mL), and treated with BoCjO (0.76 g, 3.S4 mmol) and DMAP (catalytic 
amount). The reaction mixture was stirred at 20 **C under nitrogen for 3 h. The 
solvent was removed imder vacuum and the product was purified by column 
chromatography (BtOAc/Hex as solvent) to give 1.0 g (93%) of Compound 95b 



10 as a hard foam; NMR (300 MHz, CDCI3) 5 9,24 (d, •/= 1.8 Hz, 1 H), 9.16 (d, 
2.1 Hz, 1 H), 9.09 (s, 1 H), 8.85 (s, 1 H), 8.63 (t, 2.0 Hz, 1 H), 7.50 (d, J 

= 8.5 Hz, 1 H), 7.40 (d, 7 = 2.4 Hz, 1 H), 7.14 (dd, J- 8.0, 1.9 Hz, 1 H), 4.44 (q, 
7.1 Hz, 2 H), 1.49 (s, 9 H), 1.43 (t, /= 7.1 Hz, 3 H); MS (ES) m/z: 489 

(M+H"). 



Compoxmd 95b (0.45 g, 0.92 mmol) was treated with MeOH (10 mL). 
After 3 min 1 N NaOH^^q) (8 mL) was added and the reaction mixture was stirred 
at 20^ C for 4 h. Glacial acetic acid (7 mL) acid was added to the reaction 
mixture along with water until a yellow solid was formed. The solid was filtered 

20 and washed with water and dried under vacuum to give 0.38 g (90%) of 

Compound 9Sc as a yellow solid. Compound 95c (0.38 g, 0.83 mmol), EtgN 
(0.17 g, 1 .7 mmol), DPPA (1.06 mol), aud t-BuOH (3.7 mL) in toluene (3 mL) 
was stirred at 70° C for 40 min under Nj and then at 100° C for 3 h. The solvent 
was removed under reduced pressxjre and product was purified by colimm 

25 chromatography (EtOAc/Hex as solvent) to give 0.099 g (23%) of Compound 
95d as a hard foam; 'H NMR (300 MHz, CDCI3) 8 8.99 (s, 1 H), 8.81 (s, 1 H), 
8,69 (brs, 1 H), 8.45 (brs, 2 H), 7.49 (d, J= 8.6 Hz, 1 H), 7.40 (d, J- 2.4 Hz, 1 
H), 7.16 (dd, J= 8.6 2.4 Hz, 1 H), 6.59 (brs, 1 H), 1.54 (s, 9 H), 1.49 (s, 9 H); 
MS (ES) m/z: 532 (M+H^. 



A mixture of Compound 95d (0.1 g, 0.2 mmol), 4-(3- 
chloropropyl)pyridine (0.047 g, 0.3 mmol) and Cs^COa (0.19 g, 0.6 mmol) in 
DMF (4 mL) was stirred at 70 "^C under nitrogen for 20 h. The reaction mixture 
was diluted with water, extracted with ether (3x), dried (NajSOJ and 



wo 02/24681 



PCT/USOl/29175 



10 



126 



concentrated. The product Compound 95e was purified by column 
chromatography (EtOAc/Acetone as solvent) to give 0.051 g (39%) of product as 
an oil. The oil was dissolved in TFA (3.0 mL) and stirred at 20 "C for 2 h before 
concentrated. Ammonium hydroxide solution was added to the residue until the 
pH was about 10-1 1 and a solid was formed. The yellow solid was collected 
through filtration, washed with water and dried to give 0.010 g (29%) of Cmd 89 
as a Ught yellow soUd; 'H NMR (300 MHz, D*- DMSO) 5 9.97 (s, 1 H), 8.62 (s, 
1 H), 8.46 (s, 2 H), 8.34 (d, J= 2.1 Hz, 1 H), 8.23 (s, 1 H), 8.08 (s, 1 H). 7.58 (m, 
3 H), 7.31 (m, 2 H), 3.18 (m, 2 H), 2.76 (t, 7= 7.7 Hz, 2 H), 1.93 (m, 2 H); MS 
(ES)m/z:451 (M+H*). 

H /=<f' 



CI 



B0C2O 





COaEt 



95b 



95e 



^COgH 
95c 

Boc/=\ 



N 

Boc 



NHBoc 



CI 




95ci 



TFA 



95e 




N 




95c 



EXAMPLE 96 
COMPOUND 90 
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3-[[6*-[(3-chlorophenyl)ainino] 
[2,2 -bipyraziii]-6-yl]ainino]-l-propanol (Cmd 90) 
A mixture of methyl 6-chloro-2-pyrazinecarboxylate Compound 96a 
(4.50 g, 26.1 mmol; Sato, N. J. Heterocyc. Chem. 1994, 31, 1177), 
bis(trmiethyltin) (10.0 g, 30.5 mmol), tetrakis(triphenylphosphine) palladium 
(1.51 g, 1.31 mmol), LiCl (332 g, 78.3 mmol), and 2,6-di-/cr/-butyl-4- 
methylphenol (0.230 g, 1.04 mmol) in anhydrous 1,4-dioxane (80 mL) was 
refluxed at 100 °C for 4.5 h under nitrogen. After cooled to room temperature, 
the reaction mixture was filtered. The solid was washed with dichloromethane 
and the filtrate was concentrated and flash chromatogr^hed (ethyl 
acetate/hexane as solvent) to give 5.60 g (71%) of methyl 6-trimethylstannyl-2- 
pyrazinecarboxylate Compound 96b as a yellow oil; *H NMR (300 MHz, 
CDCI3) 5 9.09 (s, 1 H), 8.73 (s, 1 H), 4.02 (s, 3 H), 0.44 (s, 9 H), A mixture of 
the methyl 6-trimethylstannyl-2-pyra2mecarboxylate Compound 96b (536 mg, 
1.78 mmol), A^(^err-butoxycarbonyl)-iV-(3-chlorophenyl)-2-amino-6- 
chloropyrazine Cmd 45 (666 mg, 1.96 mmol), dichlorobis(triphenylphosphine) 
palladium (125 mg, 0.178 mmol), and LiCl (230 mg, 5.42 mmol) in anhydrous 
toluene (15 mL) was stirred at 100 °C for 6.5 h under nitrogen. The cooled 
reaction mixture was concentrated under vacuum and purified by flash 
chromatography (EtOAc/hexane as solvent) to give 593 mg (75%) of Compound 



96c as an off-white soUd; NMR (300 MHz, CDCI3) 8 9.40 (s, 1 H), 9.27 (s, 1 
H), 9.20 (s, 1 H), 9.17 (s, 1 H), 7.41-7.32 (m, 2 H), 7.29 (m, 1 H), 7.19-7.16 (m, 
1 H), 4.07 (s, 3 H), 1.49 (s, 9 H); MS (ES) m/z: 464 (M+Na*). Anal. Calcd. For 



C21H20NSO4CI: C, 57.08; H, 4.56; N, 15.85. Found: C, 57.02; H, 4.46; N, 15.41. 



Compound 96c (1.31 g, 2.97 mmol) was treated with LiOH (0.1 10 g, 
4.58 mmol) in THF (10 mL) and water (2.5 mL) for 2 h at room temperature. 
Acetic acid (0.55 mL) was added and the solution was concentrated to about half 
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of the original volume. After the addition of water, some solid formed. The 
solid was collected through filtration, washed with water, and dried xmder 
vacuum overnight to give 1.22 g (96%) of a carboxylic acid as a yellow solid; 
MS (ES) m/z: 450 (M+Na^. A mixture of the carboxylic acid (350 mg, 0.819 
mmol), DPPA (340 mg, 1.24 mmol), and triethylamine (0.230 niL, 1.65 mmol) 
in r-BuOH (5 mL) and toluene (4 mL) was heated at 60 for 30 min, then the 
temperature was slowly increased to 80 ''C for 2 h and 90 ^'C for 1 h. After 
concentration, the reaction mixture was purified by flash chromatography 
(EtOAc/hexane as solvent) to give 278 mg (68%) of Compound 96d as a yellow 
solid; NMR (300 MHz, CDCI3) 6 9.31 (s, 1 H), 9.23 (s, 1 H), 9.16 (s, 1 H), 
8.70 (s, 1 H), 7.96 (brs, 1 H), 7.39-7.30 (m. 2 H), 7.27 (m, 1 H), 7.19-7.15 (m, 1 
H), 1.57 (s, 9 H), 1.48 (s, 9 H); MS (ES) m/z: 521 (M+Na*). 

A mixture of Compound 96d (60 mg, 0.12 mmol), (3-bromopropoxy)- 
^er/-butyldimethylsilane (40 mg, 0.16 mmol), and CsaCO^ (80 mg, 0.25 mmol) in 
diy DMF (1 mL) was heated at 70 ''C for 3.5 h. The reaction mixture was 
concentrated and purified by coliunn chromatography (BtOAc/hexane as solvent) 
to give 71 mg (88%) of the J\^akylated product as an ofiF-white solid; Anal. 
Calcd. For C33H47NAClSi: C, 59.04; H, 7.06; N, 12.52. Found: C, 59.24; H, 
7.00; N, 12.1 1. The A/-akylated product (250 mg, 0.373 mmol) was dissolved in 
TFA (4 mL) and the solution was stirred at room temperature for 3 h before 
concentration. A saturated NH4OH solution was added to the residue until the 
mixture was made basic followed by the addition of water. The precipitated 
solid was collected through filtration, again washed with water and dried under 
vacuum. The product was purified by flash chromatography on silica gel 
(EtOAc/MeOH as solvent) to provide 1 12 mg (84%) of Cmd 90 as a yellow 
solid; *H NMR (300 MHz, DMSO-rfg) 5 9.89 (s, 1 H), 8.79 (s, 1 H), 8.47 (s, 1 
H), 8.28 (s, 1 H), 8.13 (s, 1 H), 8.00 (s, 1 H), 7.62 (d, 8.2 Hz, 1 H), 7.39 (t, J 
= 8.0 Hz, 1 H), 7.29 (m, 1 H), 7.04 (d, 8.1 Hz, 1 H), 4.51 (brs, 1 H), 3.53 (m, 
2 H), 3.47-3.41 (m, 2 H), 1.82-1.73 (m,, 2 H); MS (ES) m/z: 357 (M+H*). 
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EXAMPLE 97 
COMPOUND 91 



5 




A mixture of methyl 6-(trifluoromethylsulphonyloxy)nicotinate 
Compound 97a (2.00 g, 7,02 mmol; Torrado, A. Synthesis 1995, 285; J, Org. 
Chem, 1996, 61, 8940), bi$(trimethyltin) (3.50 g, 10.7 mmol), 
tetrakis(triphenylphosphme)palladium (0.810 g, 0.700 mmol), anhydrous LiCl 

10 (0.900 g, 21 .2 mmol), and 2,6-di-^6r^buty^4-methylphenol (0.062 g, 0.28 

mmol) in anhydrous 1,4-dioxane (60 mL) was refluxed at 100 °C for 2 h vuider 
nitrogen. After cooled to room temperature, the reaction mixture was filtered 
through celite and washed with dichloromethane. The fi • trate was concentrated 
under vacuum. Water and Bt^O were added to the residue and the resulting 

15 mixture was filtered again through celite. The filtrate was separated and the 
aqueous layer was extracted with EtjO. The organic layers were combined and 
washed with 15% NH4OH (x 2) and the aqueous layer was back extracted with 
EtaO. The combined organic phases were dried over Na2S04, filtered, and 
concentrated to give 2.31 g of crude methyl 6-(trimethylstannyl)mcotinate 
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Compound 97b as a brown oil. 

JVK^erNbutoxycaibonyl)-iN^^(3-cMorophenyl)-2-anaino-6-cU 
Cmd 45 (2.20 g, 6.47 mmol), dichlorobis(triphenylphost>hine) palladium (0.780 
g, 1,1 1 mmol), LiCl (0.900 g, 21.2 mmol) and anhydrous toluene (80 mL) were 
added to the crude Compound 97b. The reaction mixture was heated at 100 **C 
for 1 h \mder nitrogen and then left at room temperature ovemigjit. After 
filtration through Celite, the filtrate was concentrated and flash chromatogrq)hed 
(EtOAc/hexane as solvent) to give 1.19 g (38%, two steps) of Compound 97c as 
a white soUd; *H NMR (300 MHz, CDCI3) S 9.43 (s, 1 H), 9.24 (d, J= 2.1 Hz, 1 
H), 9.06 (s, 1 H), 8.31 (dd, J= 8.3, 2.1 Hz, 1 H), 7.93 (d, J- 8.3 Hz, 1 H), 7.39- 
7.31 (m, 3 H), 7.19-7.15 (m, 1 H), 3.97 (s, 3 H), 1.49 (s, 9 H); MS (ES) m/z: 463 
(M+Na*). Anal. Calcd. For CjjHjjNACl: C, 59.93; H, 4.80; N, 12.71. Found: 
C, 60.03; H, 4.67; N, 12.25. 

A mixture of Compound 97c (540 mg, 1.22 mmol) and LiOH (44 mg, 1.8 
mmol) in THF (16 mL) and water (4 mL) was stirred for 1 h at room 
temperature. More LiOH (30 mg, 1.3 mmol) was added to the cloudy solution. 
After another 3 h at room temperature, the solution became clear. Acetic acid 
(0.30 mL) was added and the solution was concentrated to about half of the 
original volume. After the addition of water, some solid formed. The solid was 
collected through filtration, washed with water, and dried under vacuum 
overnight to give 522 mg (100%) of a carboxylic acid as a yellow sohd; MS (ES) 
m/z: 425 (M-H*). A mixture of the carboxylic acid (522 mg, 1.22 mmol), DPPA 
(500 mg, 1.82 mmol), and triethylamine (0.340 mL, 2.44 mmol) in r-BuOH (9 
mL) and toluene (9 mL) was heated at 60 **C for 30 min, then the temperature 
was slowly increased to 80 ""C for 2 h and 90 °C for 1 h. After concentration, the 
reaction mixture was purified by flash chromatography (EtOAc/hexane as 
solvent) to give 393 mg (65%) of Compound 97d as a yellow solid; 'H NMR 
(300 MHz, CDCI3) 5 9.31 (s, 1 H), 8.92 (s, 1 H), 8.45 (d, J= 2.4 Hz, 1 H), 8.03 
(brd, J= 8.5 Hz, 1 H), 7.84 (d, 7= 8.6 Hz, 1 H), 7.37-7.29 (m, 3 H), 7.19-7.16 
(m, 1 H), 6.67 (s, 1 H), 1.54 (s, 9 H), 1.49 (s, 9 H); MS (ES) m/z: 520 (M+Na*). 
Anal. Calcd. For C25H28N5O4CI: C, 60.30; H, 5.67; N, 14.06. Found: C, 60.16; H, 
5.61; N, 13.81. 
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A mixture of Compound 97d (43 mg, 0.086 mmol), (3-bromopropoxy)- 
rerr-butyldimethylsilane (30 mg, 0.12 mmol), and CSjCO, (45 mg, 0.14 mmol) in 
dry DMF (1 mJL) was heated at 65 X for 2 h then 80 °C for 2.5 h. The reaction 
5 mixture was concentrated and purified by column chromatography 

(EtOAc/hexane as solvent) to give 51 mg (88%) of a AT-akylated product as a 
clear oil. The JV-akylated product (385 mg, 0.575 mmol) was dissolved in TFA 
(6 mL) and the solution was stirred at room temperature for 3 h before 
concentration. A saturated NH4OH solution was added to the residue until the 

10 nndxture was made basic, followed by the addition of water. The precipitated 
solid was collected through filtration, washed with water and dried under 
vacuimi. The product was purified by flash chromatography on silica gel 
(CHjCla/MeOH as solvent) to provide 176 mg (86%) of Cmd 91 as a yellow 
solid; NMR (300 MHz, DMSO-rf^) 5 9.70 (s, 1 H), 8 J4 (s, 1 H), 8.11-8.08 

15 (m, 3 H), 7.99 (d, 8.6 Hz, 1 H), 7.63 (d, J- 8.4 Hz, 1 H), 7.37 (t, J- 8.1 Hz, 
1 H), 7.06 (dd, y « 8.6, 2.6 Hz, 1 H), 7.01 (d, J- 7.9 Hz, 1 H), 6.37 (m, 1 H), 
4.52 (t, J= 5.0 Hz, 1 H), 3.53 (m, 2 H), 3.18 (m, 2 H), 1.74 (m, 2 H); MS (ES) 
m/z: 356 (M+H*). Anal. Calcd. For C,8H,8N5OC1.0.24 H2O: C, 60.03; H, 5.17; N, 
19.45. Found: C, 60.45; H, 5.24; N, 19.03. 
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EXAMPLE 98 
COMPOUND 92 




5 H 

A mixture of 2-aiimio-6-bromopyridine Compound 98a (3.46 g, 20.0 
mmol), di-/ert-butyl dicarbonate (4.80 g, 22.0 mmol), and 4- 
(dimethylamino)pyridme (0.244 g, 2 mmol) in f-BuOH (SO mL) was stirred at 
room temperature for more than 24 h. The solution was concentrated and 
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purified by flash chromatography (EtOAc/hexane as solvit) to give 1.36 g 
(25%) of J>Krert-butoxycaAonyl)-2-ainino-6-bromopyridine as clear crystals; 'H 
NMR (300 MHz. CDCI3) 8 7.88 (d, J= 8.2 Hz, 1 H), 7.50 (t, J= 8.0 Hz, 1 H), 
7.22 (bis, 1 H), 7.12 (d. J= 7.7 Hz, 1 H), 1.51 (s, 9 H). (3-BromopropoxyHert- 
butyldimethylsilane (1.50 g, 5.93 mmol) and CsjCOj (2.43 g, 7.46 inmol) were 
added to the solution of crystals in dry DMF (20 mL). After stilting at 70 °C for 
18 h, the solvent was evaporated under reduced pressure and the residue was 
purified by column cbromatogrj^hy ^tOAc/hexane) to provide 1.93 g (88%) of 
Compound 98b as a clear oil; 'H NMR (300 MHz, CDCI3) 8 7.66 (d, J= 8.2 Hz, 

1 H), 7.44 (m. 1 H), 7.15 (d, 7 = 7.6 Hz, 1 H), 3.99 (t, /= 7.3 Hz, 2 H), 3.67 (t, J 
= 6.4 Hz, 2 H), 1.86 (m, 2 H), 1.51 (s, 9 H), 0.88 (s, 9 H), 0.03 (s, 6 H); MS (ES) 
m/z: 467 (M+Na*). Anal. Calcd. For CipHsaNjOjBrSi: C, 51.23; H. 7.47; N, 6.29. 
Found: C, 51.15; H, 7.80; N, 6.24. A mixture of Compound 98b (150 mg, 0.337 
mmol), bis(tributyltin) (0.340 mL, 0.673 mmol), 

tetrakis(triphenylphosphine)paIladium (40 mg, 0.035 nomol), LiCl (43 mg, 1.0 
mmol), and 2,6-di-rert-butyl-4-methylphenol (3 mg, 0.01 4 mmol) in anhydrous 
1,4-dioxane (3 mL) was reiluxed at 100 "C for 4 h under nitrogen. The solvent 
was removed under reduced pressure and the residue was chromatographed over 
silica gel (ethyl acetate/hexane as solvent) to give 152 mg (69%) of Compound 
98c as a clear oil; 'H >JMR (300 MHz, CDClj) 5 7.49 (d, J= 8.5 Hz, 1 H), 7.42 
(m, 1 H), 7.08 (d, J= 7.7 Hz, 1 H), 4.03 (t, J= 7.3 Hz, 2 H), 3.65 (t, J= 6.6 Hz. 

2 H), 1.88 (m, 2 H), 1.61-1.50 (m, 6 H), 1.52 (s, 9 H), 1.37-1.26 (m. 6 H), 1.10- 
1.05 (m, 6 H), 0.88 (t, /= 7.4 Hz, 9 H), 0.87 (s, 9 H), 0.02 (s, 6 H); MS (ES) 
m/z: 656 (M+H*). 

A mixture of Compound 98c (103 mg, 0.157 mmol), iV-(fCTt- 
butoxycarbonyl)-7V-(3-chlorophenyl)-2-amino-6-chloropyrazine Cmd 45 (61 mg, 
0.18 mmol), dichlorobis(triphenylphosphine)palladium (i3 mg, 0.018 mmol) and 
LiCl (23 mg, 0,54 mmol) in anhydrous toluene (3 mL) was stirred at 100 °C for 3 
h under nitrogen. The cooled reaction mixture was concentrated under vacuum 
and purified by flash chromatography (EtOAc/hexane as solvent) to give 63 mg 
(62%) of Compound 98d as a yellow oil; *H NMR (300 MHz, CDCl,) S 9.29 (s, 
1 H), 8.93 (s, 1 H), 7.73 (dd, 7= 7.8, 1.3 Hz, 1 H), 7.65 (m, 1 H), 7.61-7.58 (m, 1 
H), 7.37-7.28 (m, 3 H), 7.19-7.15 (m, 1 H), 4.12 (t, 7= 7.4 Hz, 2 H), 3.71 (t, J= 
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6.2 Hz, 2 H), 2.01-1.92 (m, 2 H), 1.53 (s, 9 H), 1.49 (s, 9 H), 0.85 (s. 9 H), 0.02 
(s, 6 H); MS (ES) m/z: 692 (M+Na*). Anal. Calcd. For C34H«NsOjClSi: C, 
60.92; H, 7.22; N, 10.45. Found: C, 60.82; H, 7.10; N, 10.18. 
Compound 98d (53 mg, 0.079 mmol) was dissolved in TFA (1 .5 mL) and the 
solution was stirred at room temperature for 2 h before concentration. A 
saturated MH4OH solution was added to the residue until the mixture was made 
basic followed by tibie addition of water. The precipitated solid was collected 
through filtration, washed with water and "EX^O, and dried und^ vacuum to 
provide 28 mg (100%) of Cmd 92 15 as a yellow solid; 'HNMR (300 MHz, 
DMSO-ifg) 5 9.80 (s, 1 H), 8.85 (s, 1 H), 8.24 (s, 1 H), 8.12 (s, 1 H), 7.64 (d, J= 
8.1 Hz, 1 H), 7.56 (m, 1 H), 7.40-7.35 (m, 2 H), 7.02 (d, J= 7.7 Hz, 1 H), 6.71 
(brs, 1 H), 6.57 (d, J= 8.3 Hz, 1 H), 4.48 (brs, 1 H), 3.53 (t, J= 6.3 Hz. 2 H), 
3.40 (m, 2 H), 1.76 (m, 2 H); MS (ES) m/z: 356 (M+H*). AnaL Calcd. For 
C„H,gNsOC1.0.55 HjO: C, 59.1 1; H, 5.26; N, 19.15. Found: C, 59.46; H, 4.99; 
N. 18.78. 
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N 

3-[[4-[6-[(3<Uoiophenyl)ainino]pyrazinyl]- 
3-pyiidinyl]ammo]-l-propanol (Cmd 93) 
A mixture of 4-(trimethylstannyl)nicotmic acid Compound 99a (300 mg. 




5 1.05 mmol; Kelly, T. R. 7. Org, Chem. 1992, 57, 1593), DPPA (433 mg, L57 
mmol), and triethylamine (0.250 mL, 1.79 nrniol) in f-BuOH (2 mL) and toluene 
(2 mL) was heated at 60 ''C for 1 .5 h, then 90 "^C for 3*5 h» After concentration, 
the reaction mixture was purified by flash chromatography (EtOAc/hexane as 
solvent) to give 213 mg (57%) of Compound 99b as a white solid; *H NMR (300 

10 MHz, CDCI3) 8 8.54 (s, 1 H), 8.31 (d, J= 4.5 Hz, 1 H), 7.34 (d, J= 4.5 Hz, 1 H), 
6.30 (brs, 1 H), 1.51 (s, 9 H), 0.37 (s, 9 H). Anal. Calcd. For CuHjjNaOjSn: C, 
43.73; H, 6.21; N, 7.85. Found: 43.53; H, 6.12; N, 7,76. A mixture of 
Compound 99b (162 mg, 0.454 mmol), iV-(/err-butoxycarbonyl)-7V-(3- 
chlorophenyl)-2-amino-6-<ihloropyrazine Cmd 45 (155 mg, 0.454 mmol), 

15 dichlorobis(triphaiylphosphine)palladium (64 mg, 0.091 mmol) and LiCl (60 
mg, 1 .42 mmol) in anhydrous toluene (10 mL) was stirred at 100 ''C for 4 h 
imder nitrogen. The reaction mixture was concentrated and purified by flash 
chromatography (EtOAc/hexane as solvent) to give 156 mg (69%) of Compound 
99c as a white solid; 'H NMR (300 MHz, CDCI3) 8 9.37 (s, 1 H), 9.23 (s, 1 H), 

20 9.05 (s, 1 H), 8.71 (s, 1 H), 8.37 (d, J= 5.1 Hz, 1 H), 7.47-7,27 (m, 3 H), 7.20 
(dd, 7- 7.0, 2.0 Hz, 1 H), 1.56 (s, 9 H), 1.48 (s, 9 H); MS (ES) m/z: 498 
(M+H"). 



25 rer/-butyldimethylsilane (22 mg, 0.087 mmol), and CS2CO3 (38 mg, 0.12 mmol) 
in dry DMF (1 mL) was heated at 70 **C for 2 h. The reaction mixture was 
concentrated and purified by column chromatography (EtOAc/hexane as solvent) 
to give 32 mg (82%) of a //-akylated product Compound 99d as a yellow oil; MS 
(ES) m/z: 670 (M+H^. Anal. Calcd. For C34H43N505ClSi: C, 60.92; H, 7.22; N, 

30 10.45. Found: C, 60.49; H, 7.18; N, 10.30. The iS^akylated product Compound 



A mixture of Compound 99c (29 mg, 0.058 mmol), (3-bromopropoxy)- 
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99d (60 mg, 0.089 mmol) was dissolved in TFA (2 mL) and the solution was 



solution was added to the residue until the mixture was made basic followed by 
the addition of water. The precipitated solid was collected through filtration, 

5 washed with water and dried under vacuum. The product was purified by flash 
chromatography on silica gel (CHjCla/MeOH as solvent) to provide 28 mg 
(88%) of Cmd 93 as a yellow soUd; *H NMR (300 MHz, DMSO-rfg) 8 9.90 (s, 1 
H), 8.51 (s, 1 H), 8.28 (s, 1 H), 8.22 (s, 1 H), 7.95 (brd, 4.4 Hz, 1 H), 7.83 (s, 
1 H), 7.58 (d, 4.8 Hz, 1 H), 7.51 (d, 7- 8.5 Hz, 1 H), 7.41 (t, J= 8.0 Hz, 1 

10 H), 7. 1 1 (m, 2 H), 4.48 (m, 1 H), 3.37 (m, 2 H), 3.29 (m, 2 H), 1.08 (m, 2 H); 
MS (ES) m/z: 356 (M+H*). Anal. Calcd. For C,8H,8N5OC1.0.6 H2O: C, 58.97; H, 
5.28; N, 19.10. Found: C, 58.94; H, 5.53; N, 19.10. 
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A mixture of 4-iodopicoliiiic acid Compound 100a (1 .00 g, 3.30 mmol; 
Lohse, O. Synth. Commun. 1996, 26, 2017), DPPA (1.36 g, 4.95 mmol), and 
triethylamine (1.4 mL, 10 mmol) in /-BuOH (5.5 mL) and toluene (5 mL) was 
heated at 65 °C for 1 .5 h, then 100 °C for 4 h. After concentration, the reaction 
mixture was purified by flash chromatography (EtOAc/hexane as solvent) to 
give 515 mg (50%) of Compound 100b as a white solid; 'H NMR (300 MHz, 
CDCI3) 5 9.17 (brs, 1 H), 8.48 (s, 1 H), 7.98 (dd, J= 5.2, 1.5 Hz, 1 H), 7.34 (dd, 
/= 5.2, 1.3 Hz, 1 H), 1.56 (s, 9 H). MS (ES) m/z: 343 (M+Na"). A mixture of 
Compovmd 100b (330 mg, 1.03 mmol), (3-bromopropoxy)-ter/- 
butyldimethylsilane (340 mg, 1.34 mmol), and CS2CO3 (504 mg, 1.55 mmol) in 
dry DMF (4 mL) was stirred at 70 °C for 3 h. The solvent was evaporated under 
reduced pressure and the residue was purified by column chromatography 
(EtOAc/hexane) to provide 450 mg (89%) of Compound 100c as a clear oil; 'H 
NMR (400 MHz, CDCI3) 5 8.1 1 (s, 1 H), 8.00 (d, J= 5.2 Hz, 1 H), 7.33 (dd, J= 
5.2. 1.3 Hz, 1 H), 3.99 (t, 7- 7.3 Hz, 2 H), 3.65 (t, 6.3 Hz, 2 H), 1.84 (m, 2 
H), 1.52 (s, 9 H), 0.87 (s. 9 H), 0.02 (s. 6 H); MS (ES) m/z: 515 (M+Na*). 

A mixture of Compound 100c (650 mg, 1.32 mmol), bis(trimeUiyltiJi) 
(870 mg, 2.66 mmol), tetrakis(triphenylphosphine)palladium (150 mg, 0.130 
mmol), LiCl (170 mg, 4.00 mmol), and 2,6-di-tert-butyl-4-methylphenol (12 mg, 
0.054 mmol) in anhydrous 1,4-dioxane (12 mL) was heated at 90 °C for 1.5 h 
under nitrogoi. The solvent was i^noved under reduced pressure and the 
residue was chromatographed over silica gel (BtOAc/h^ane as solvent) to give 
590 mg (84%) of Compound lOOd as a clear oil; 'H NMR (300 MHz, CDCI3) 5 



8.09 (d, 4.7 Hz, 1 H). 7.56 (s, 1 H), 7.10 (d, J= 4,7 Hz, 1 H), 3.97 (t, 7= 7.2 
Hz, 2 H), 3.64 (t, J= 6.5 Hz, 2 H), 1.85 (m, 2 H), 1.49 (S, 9 H), 0.86 (s, 9 H), 
0.33 (s, 9 H), 0.00 (s, 6 H); MS (ES) m/z: 527 (M-H*). Anal. Calcd. For 
C2iH4iN203SiSn: C, 49.92; H, 8.00; N, 5.29. Found: C, 50.32; H, 7.88; N, 5.20. 



wo 02/24681 



PCT/USOl/29175 



138 



10 

1 

15 
20 
25 



A mixture of Compound lOOd (550 mg, 1 .04 mmol), 
butoxycarbonyl)-7V^(3-cUorophenyl)-2-amino-6-cUoropyrazme Cmd 45 (360 
mg, 1.06 tmnol), dichlorobis(triphenylphosphine)palladium (73 mg, 0.104 
mmol) and LiCl (132 mg, 3.11 mmol) in anhydrous toluene (20 mL) was stirred 
at 90 "C for 1 h then 100 °C for 2 h under nitrogen. The cooled reaction mixture 
was concentrated \mder vacuum and purified by flash cfaromatogrq)hy 
(EtOAc/hexane as solvent) to give 380 mg (55%) of Compound lOOe as a yellow 
oil; 'H NMR (300 MHz, CDClj) 5 9.00 (s, 1 H), 8.82 (s, 1 H), 8.40 (d, 7= 5.2 
Hz. 1 H). 8.04 (8, 1 H), 7.37-7.28 (m, 4 H), 7.16 (brd, /= 7.3 Hz. 1 H), 4.02 (m, 
2 H). 3.65 (t. J= 6.3 Hz. 2 H), 1.85 (m, 2 H), 1.50 (s. 9 H), 1.49 (s. 9 H), 0.85 
(s, 9 H), 0.00 (s, 6 H); MS (ES) m/z: 670 (M+H*). Anal. Calcd. For 
C34H4gNjO5ClSi.0.3 HjO: C, 60.43; H, 7.25; N, 10.36. Found: C, 60.22; H, 7.04; 
N, 10.15. A solution of Compound lOOe (350 mg, 0.522 mmol) and TFA (4 
mL) was left at room temperature overnight before concentration. A saturated 
NH4OH solution was added to the residue until the mixture was made basic 
followed by the addition of water. The precipitated solid was collected through 
filtration, washed wifli water, dried md&c vacuum, and purified by flash 
chromatography (CHiClj/MeOH as solvent) to provide 143 mg (77%) of Cmd 
94 as a yellow solid; 'H NMR (300 MHz, DMSO-rfg) S 9.88 (s, 1 H), 8.54 (s, 1 
H), 8.27 (s, 1 H), 8.10 (d, 5.8 Hz, 1 H). 8.00 (s, 1 H), 7.73 (d, 8.2 Hz, 1 
H), 7.39 (t, J= 8.1 Hz, 1 H), 7.10 (s, 2 H), 7.04 (dd, J= 7.9, 1.0 Hz. 1 H), 6.69 
(brt, J= 5.3 Hz, 1 H), 4.55 (brs, 1 H), 3.51 (t, 7= 6.2 Hz, 2 H), 3.36 (m, 2 H), 
1.73 (m, 2 H); MS (ES) m/z: 356 (M+H*). Anal. Calcd. For C,8H,8NjOC1.0.3 
H2O: C, 59.85; H. 5.19; N, 19.39. Found: C. 60.03; H, 5.08; N. 19.20, 
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EXAMPLE 101 
COMPOUND 95 




3-[[5-[6-[(3-chlorophenyl)amiiio]pyrazinyl]- 
2-thiazolyl]aniino]-l-propan.ol (Cmd 95) 
A mixture of methyl 4-iodopicoliiiate Compound 101a (0.800 g, 3.04 
mmol; Lohse, O. Synth. Commun. 1996, 26, 2017), bis(trimethyltm) (1.70 g. 
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5.19 mmol), tetrakis(triphenylphosphine)palladium (350 mg, 0.303 mmol), LiCl 
(0.390 g, 9.19 mmol), and 2,6-di-/er^-butyM-methylphenol (27 mg, 0.12 mmol) 
in anhydrous 1,4-dioxane (20 mL) was refluxed at 100 **C for 1 h imder nitrogen. 
The solvent was removed vinder reduced pressure and the residue was 
chromatogrq)hed over silica gel (EtOAc/hexane as solvent) to give 404 mg 
(44%) of methyl 4-trimethylstannylpicolinate Compoimd 101b as a yellow oil; 

NMR (400 MHz, CDCI3) 5 8.64 (d, 7- 4.6 Hz, 1 H), 8.25 (s, 1 H), 7.59 (d, J 
- 4.5 Hz, 1 H), 4.01 (s, 3 H), 0.38 (s, 9 H); MS (ES) m/z: 324 (M+Na*). Anal. 
Calcd. For CioH^NO^Sn: C, 40.04; H, 5.04; N, 4.67. Found: C, 40.17; H, 4.63; 
N, 4.60. A mixture of methyl 4-trimethylstannylpicolinate Compound 101b 
(350 mg, 1.17 mmol), iV^(^er^butoxycaIbonyl)-A^-(3••chlorophenyl)-•2-amino-6- 
chloropyrazine Cmd 45 (400 mg, 1.18 mmol), 

dichlorobis(triphenylphosphine)palladium (82 mg, 0.12 mmol) and LiCl (150 
mg, 3.54 mmol) in anhydrous toluene (15 mL) was stiired at 100 X for 4 h 
under nitrogen. The cooled reaction mixture was concentrated imder vacumn 
and purified by flash chromatography (EtOAc/hexane as solvent) to give 260 mg 
(51%) of Compound 101c as a yellow solid; 'H NMR (300 MHz, CDCI3) 8 9.17 
(s, 1 H), 8.90 (s, 1 H), 8.80 (d, J= 4.9 Hz, 1 H), 8.52 (s, ? H), 7.82 (dd, J= 5.0, 
1.6 Hz, 1 H), 7.40-7.38 (m, 2 H), 7.30 (s, 1 H), 7.18 (brd, J= 6.8 Hz, 1 H), 4.04 
(s, 3 H), 1.50 (s, 9 H); MS (ES) m/z: 441 (M+tf). Anal. Calcd. For 
C22H2,N4O4C1.0.25 H2O: C, 59.33; H, 4.87; N, 12.58. Found: C, 59.14; H, 4,60; 
N, 12.48. 

Compound 101c (260 mg, 0.590 mmol) was treated with LiOH (30 mg, 
1 .25 mmol) in THF (8 mL) and water (2 mL) for 40 min at room temperature. 
Acetic acid (10 drops) was added and the solution was concentrated to about half 
of the original volume. After the addition of water, some solid formed. The 
solid was collected through filtration, washed with water, and dried under 
vacuum overnight to give 235 mg (93%) of a carboxylic acid product as a yellow 
solid; MS (ES) m/z: 427 (M+H*). A mixture of the carboxylic acid product (220 
mg, 0.515 mmol), DPPA (213 mg, 0.775 mmol), and triethylamine (0.150 mL, 
1.08 mmol) in ^BuOH (4 mL) and toluene (4 mL) was heated at 65 °C for 1 h, 
then the temperature was slowly increased to 80 °C for 1 h and 100 **C for 1 h. 
After removal of solvents, the reaction mixture was purified by flash 
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chromatography (EtOAc/hexane as solvent) to give 140 mg of an amide 
(containing impurities) as a white solid. (3-Bromopropoxy)-^err- 
butyldimethylsilane (100 mg, 0.395 mmol), CS2CO3 (180 mg, 0.552 mmol) and 
DMF (4 mL) were added to the amide. After stirring at 70 ''C for 17 h, the 
reaction mixture was concentrated and purified by column chromatography 
(EtOAc/hexane as solvent) to give 27 mg (8%, 3 steps) of Compound lOld as a 
yeUow solid; *H NMR (400 MHz, CDCI3) 5 9.08 (s, 1 H), 8.94 (s, 1 H), 8.62 (d, 
y= 1.0 Hz, 1 H), 8.56 (d, 7= 5.0 Hz, 1 H), 8.44 (brt, J= 5.4 Hz, 1 H), 7.73 (dd, J 
= 5.0, 1.7 Hz, 1 H), 7.40-7.33 (m, 2 H), 7.29 (t, 1.8 Hz, 1 H). 7.18 (dt, 
7.6, 1.6 Hz, 1 H), 3.80 (t, 5.6 Hz, 2 H), 3.62 (m, 2 H), 1.86 (m, 2 H), 1.49 (s, 
9 H), 0.92 (s, 9 H), 0.10 (s. 6 H); MS (ES) m/z: 669 (M-H^. A solution of 
Compound lOld (27 mg, 0.047 mmol) and TFA (1 mL) was left at room 
temperature overnight before concentration. A saturated NH4OH solution was 
added to the residue until the mixture was made basic followed by the addition 
of water. The precipitated solid was filtered, washed with water, dried unda: 
vacuiun, and purified by flash chromatography (CH^Clz/MeOH as solvent) to 
provide 13 mg (72%) of Cmd 9S as a yellow solid; *H NMR (400 MHz, DMSO- 

6 9.98 (s, 1 H), 8.90 (brt, 5.4 Hz, 1 H), 8.80 (s, 2 H), 8.68 (s, 1 H), 8.35 
(s, 1 H), 8.24 (d, J= 4.7 Hz, 1 H), 8.02 (s, 1 H), 7.70 (d, 7,8 Hz, 1 H), 7.39 (t, 
y = 8.0 Hz, 1 H), 7.07 (d, 7.5 Hz, 1 H), 4.57 (t, 7= 5.1 Hz, 1 H), 3.50 (m, 2 
H), 3.41 (m, 2 H), 1.72 (t, y = 6.4 Hz, 2 H); MS (ES) m/z: 384 (M+H^. 
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EXAMPLE 102 
COMPOUND 96 




A mixture of Cmd ID (450 mg, 1.71 mmol), 3-chlorophenol (330 mg, 
2.56 mmol), Pd2(dba)3 (44.2 mg, 0.042 mmol), DPPF (75.6 mg, 0.134 mmol), 
CS2CO3 (1.11 g, 3.41 mmol) in anhydrous dioxane (5 mL) was stirred at reflux 
for 18 h \mder nitrogen. The reaction mixture was filtered thru celite and the 
filter cake was washed with dichloromethane. The filtrate was concentrated 
under vacuum. The residue was pxjrified by column chromatography 
(EtOAc/hexane as solvent) and recrystallized from ethyl acetate/hexane to give 
168 mg (27%) of Compound 102a as a soUd; 'H NMR (300 MHz, CDCI3) 8 9.26 
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(brs, 2 H), 8.85 (s, 1 H), 8,73 (t, / = 2.1 Hz, 1 H), 8.46 (s, 1 H), 7.39 (t, J= 8.4 
Hz. 1 H), 7.30-7.25 (m, 2 H), 7.16 (brd. 7= 8.2 Hz, 1 H), 4.44 (q, J = 7.1 Hz, 2 
H), 1.43 (t, y = 7.1 Hz, 3 H); Anal. Calcd. For CisH,4Cnsr303: C, 60.77; H, 3.97; 
N, 11.81. Found: C, 60.67; H, 3.92; N, 11.64. A mixture of Compound 102a 
(150 mg, 0.44 nimol) was dissolved in methanol (4.3 mL) and stirred for 10 min 
then cooled to 0 *C, NaOH^^ (1 N, 0.74 mL) was added slowly and the mixture 
was stiired at 0 **C for 10 min then stirred at 20 for another 18 h. Glacial 
acetic acid (0.7 mL) was added to the reaction mixture followed by the addition 
of water (2.2 mL). A solid was formed. The solid was collected thru filtration, 
and washed with water (5x), dried in vacuum oven overnight to give 122 mg 
(85%) of Compound 102b as a soUd; *H NMR (300 MHz, CD3OD) 5 9.23 (s, 1 
H), 9.14 (s, 1 H), 9.00 (s, 1 H), 8.85 (t, 7= 2.1 Hz, 1 H), 8.50 (s, 1 H), 7.47 (t, J 
= 8.1 Hz, 1 H), 7.39-7.23 (m, 3 H); MS (ES) m/z: 326 (M-H^); Anal. Calcd. For 
C^HioClNsOai C, 58.67; H, 3.08; N, 12.82. Found: C, 58.55; H, 3.01; N, 12.66. 

A mixture of Compound 102b (107.7 mg, 0.33 mmol), DPPA (108 mg, 
0.39 mmol), triethylamine (66 mg, 0.65 mmol), t-BuOH (1.4 mL) in toluene (1 
mL) was stirred under nitrogen at 70 **C for 0.5 h then heated at reflux for 4 h. 
The reaction mixture was concentrated under vacuum. The product was purified 
by column chromatography (EtOAc/hexane as solvent) and recrystallized &om 
BtOAc/hexane to give 51 mg (40%) of Compound 102c as a solid; ^HNMR 
(300 MHz, CDCI3) 5 8.81 (s, 1 H), 8.78 (d, J- 1.9 Hz, 1 H), 8.51 (d, J= 2.5 Hz, 
1 H), 8.44 (brs, 1 H), 8.40 (s, 1 H), 7.39 (t, J= 8.2 Hz, 1 H), 7.27-7.24 (m, 1 H), 
7.17 (d, J- 7.6 Hz, 1 H), 6.57 (brs, 2 H), L54 (s, 9 H); FAB-HRMS (M+H^. 
Calcd. for C2oH,9ClN403 399.1224, found 399.1241. A mixture of Compound 
102c (51 mg 0.128 nmiol), (3-bromopropoxy)-^-butyI-dimethyIsilane (48.6 mg, 
0.192 mmol) and CS2CO3 (125 mg, 0.384 mmol) in DMF (1.5 mL) was stirred at 
70 ""C under nitrogen for 36 h. The reaction mixture was diluted with water, 
extracted with ether (3x), dried (Na2S04) and concentrated. The product was 
purified by colxunn chromatography (EtOAc/hexane as solvent) to give 28.8 mg 
of the silylated-product as an oil. The silylated-product was dissolved in TFA 
(0.34 roL) and stiired at 20 ^'C for 18 h before concentrated. Ammonium 
hydroxide solution was added to the residue until the pH was about 10-11 and a 
yellow solid was formed. The yellow solid was collected thru filtration, washed 
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wi& water and dried under vacuum. The solid was recrystallized from 
CHjOH/EtOAc to give IS mg (33% two steps) of Compound 102d as a solid; 'H 
NMR (300 MHz, CD3OD) 5 8.87 (s, 1 H), 8.4 (s, 1 H), 8.28 (s, 1 H), 7.96 (d, 7= 
2.7 Hz, 1 H), 7.49-7.21 (m, 5 H), 3.67 (t, J= 6.3 Hz, 2 H), 3.20 (t, J= 6.9 Hz, 2 
5 H), 1 .82 (m, 2 H); MS (ES) m/z: 357 (M+H*). 
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A mixture of (2-ammo-5-bromothiazole HBr) Compovmd 103a (10 g, 
38.4 mmol), BocjO (8.39 g, 38.4 nunol), DMAP (440 mg, 3.6 mmol) and 
NaHCOj (9.6 g, 1 14 mmol) in f-BuOH (100 mL) was stirred at 20 °C for 16 h. 
The reaction mixture was concentrated and the product was purified by column 
chromatography (EtOAc/hexane as solvent) and recrystallized from ethyl 
acetate/hexane to give 3.41 g (32%) of Compound 103b as a white solid; 'H 
NMR (300 MHz. D'-DMSO) 8 1 1 .70 (brs, 1 H), 7.43 (s, 1 H), 1 .48 (s, 9 H); 
Anal. Calcd. For CgHiiBrNjOjS: C, 34.42; H, 3.97; N, 10.04. Found: C, 34.59; 
H, 3.95; N, 9.92. A mixture of Compound 103b (2.2 g, 7.91 mmol), (3- 
bromopropoxy)-/-butyl-dimethylsilane (3.46 g, 12.7 mmol) and Cs^COj (7.7 g, 
23.7 mmol) in DMF (24 mL) was stirred at 70 "C under nitrogen for 18 h. The 
reaction mixture was diluted with water, extracted with ether (3x), dried 
(Na2S04) and concentrated. The product was purified by column 
chromatography (EtOAc/hexane as solvent) to give 2.6 g (72%) of the silylated- 
product Compound 103c as an oil. 'H NMR (300 MHz, CDClj) 8 7.22 (s, 1 H), 
4.08 (t, J= 7.5 Hz, 2 H), 3.65 (t, J= 6.3 Hz, 2 H), 1.85 (m, 2 H), 1.53 (s, 9 H), 
0.85 (s, 9 H), 0.0 1 (s, 6 H); Anal. Calcd. For C.THsiBrNASSi: C, 45.22; H, 
6.92; N, 6.20. Found: C. 45.08; H. 6.72; N, 6.12. 

A mixture of Compoxmd 103c (152 mg, 0.337 mmol), bis(tributyltin) 
(390 mg, 0.34 mmol), tetralcis(tripheQylphosphine) palladium (40 mg, 0.035 
rmnol), LiCl (43 mg, 1.0 mmol) and BHT (3 mg, 0.014 mmol) in dioxane (3 mL) 
was stirred at 100 °C for 4 h under nitrogen. The cooled reaction mixture was 
concentrated imder vacuum. The residue was purified by column 
chromatogr^hy (EtOAc/hexane as solvent) to give 56 mg (25%) of Compound 
103d as an oil; 'H NMR (300 MHz, CDClj) 8 7.27 (s, 1 H), 4.15 (t, J= 7.4 Hz, 2 
H). 3.67 (t, /= 6.3 Hz, 2 H), 1.87(m, 2 H), 1.54-1.46 (m, 15 H), 1.28 (m, 6 H), 
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1.05 (t, J - 8.3 Hz, 6 H), 0.85 (m. 18 H), 0.01 (s, 6 H); MS (ES) m/z: 663 

A mixture of Compound 103d (140 mg, 0.21 mmol), Cmd 45 (72 mg, 
0.21 mmol), Pd(PPh3)2Cl2 (15 mg, 0.021 mmol) and LiCl (27 mg, 0.62 mmol) in 
toluene (3.5 mL) was stirred at 100 °C for 3 h under nitrogen. The cooled 
reaction mixture was concentrated und^ vacuum. The residue was purified by 
column chromatography (EtOAc/hexane as solvent) to give 96 mg (68%) of the 
silylated-product Compound 103e as an oil. The silylated-product Compound 
lQ3e was dissolved in dichloromethane (2 mL) and TFA. (2.6 mL) and stirred at 
20 *^C for 18 h before concentrated. Ammonium hydroxide solution was added 
to the residue until the pH was about 10-1 1 and a yellow solid was formed. The 
yellow solid was collected thru filtration, washed with water and dried under 
vacuum to give Cmd 97 as a light yellow solid; 'H NMR (300 MHz, CD3OD) 8 
8.23 (s, 1 H), 8.10 (t, J= 2.0 Hz, 1 H), 7.84 (s, 1 H), 7.74 (s, 1 H), 7.45 (dd, 7= 
8.3, 1.3 Hz, 1 H), 7.26 (t, J= 8.1 Hz, 1 H), 6.97 (dd, J= 7.8, 1.1 Hz, 1 H), 3.68 
(t, 7= 6.2 Hz, 2 H), 3.46 (t, J= 6.9 Hz, 2 H), 1.88 (m, 2 H); MS (ES) m/z: 362 
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EXAMPLE 104 
COMPOUND 98 
pl 

H r=d 




5 H 

;V'-[5-[6-[(3-cMorophenyl)aimno]pyrazmyl]- 
3-pyridinyl]-2-(2-methoxyethoxy)-acetamide (Cmd 98) 
A mixture of Cmd 67 (156 mg, 0.3 mmol) and 60% NaH (166 mg, 3.9 
mmol), in THF (9 mL) was stirred under nitrogen at 20 ^'C for 10 min then (2- 

1 0 methoxyethoxy)acetyl chloride Compound 104a (where R= O^^^ CH3 
(594 mg, 3.9 mmol) was added. The reaction was then stirred at reflux for 1 h. 
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Saturated NaHCOa was added. The resulting THF layer was dried (NajSOJ then 
concentrated under vacuum and purified by colxmm chromatogre^hy 
(EtOAc/hexane as solvent) to give 122 mg (89%) of the Boc-protected amide 
Compound 104b as an oil. The Boc-protected amide Compound 104b was 
stirred in TFA (1 mL) at 20 **C for 18 h before concentrated. Ammonium 
hydroxide solution was added to the residue until the pH was about 10-11 and a 
yellow solid was formed. The solid was collected fhm filtration, washed with 
water and dried under vacuum and purified by column chromatography 
(EtOAc/acetone as solvent) to give 20 mg (16%) of Cmd 98 (Compound 104c 

where R=0''"^°"^^'^3); as an ofiF-white solid; NMR (300 MHz, CD3OD) 
5 9.00 (d, J= 1.8 Hz, 1 H), 8.88 (brs, 1 H), 8.85 (brs, 1 H), 8.49 (s, 1 H), 8.16 (s, 
1 H), 7.91 (t, /== 2.0 Hz, 1 H), 7.74 (dd, 8.2, 1.1 Hz, IH), 7.33 (t, 7= 8.0 Hz, 
1 H), 7.00 (d, J= 7.6 Hz, 1 H), 4.57 (brs, 1 H), 4.21 (s, 2 H), 3.80 (m, 2 H), 3.67 
(m, 2 H), 3.43 (s, 3 H); Anal. Calcd. For C2oH2oClN503*0.3 HjO: C, 57.29; H, 
4.95; N, 16.70, Found: C, 57.33; H, 4.84; N, 16.51. 



Boc^ . 



CI 




Boc 



Cmd 67 



NaH 60%. 
THF. 

O 

ci-^R 

104a 
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R= o-^^CHa 
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CH2CI2 



" N 




104c 
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Following fhe procedure of Example 104, a mixture of Cmd 67 (156 mg, 
0.3 mmol) and 60% NaH (90 mg, 2.1 nunol), in THF (9 mL) was stirred under 
nitrogen at 20 for 10 mm then phenoxyacetyl chloride Compound 105a 

o 

(Compoxmd 104a; where R= O ) (358 mg, 2.1 mmol) was added. The 
5 reaction was then stiired at reflux for 0.5 h. Aqueous NaHCOj was added then 
extracted with ether. The ether layer was dried (Na2S04) then concentrated 
under vacuum and purified by column chromatography (EtOAc/hexane as 
solvent) to give 134 mg of the Boc-protected amide Compound 105b as an oil. 
The Boc-protected amide Compound 105b was stirred in TFA (1 mL) at 20 ''C 
10 for 48 h before concentrated. Ammonium hydroxide solution was added to the 
residue until the pH was about 10-11 and was then extracted with ethyl acetate. 
The ethyl acetate layer was dried on Na2S04 then concentrated under vacuum 
and purified by column chromatography (EtOAc/acetone as solvent) to give 30 

mg (23%) of Cmd 99 (Compound 104c; where R= O ) as an off-white 
15 soUd; 'H MMR (300 MHz, D*-DMSO) 8 10.48 (s, IH). 9.89 (s, 1 H), 9.00 (d, J= 
1.6 Hz, 1 H), 8.86 (brs, 2 H), 8.62 (s, 1 H). 8.26 (s, 1 H), 7.87 (s, 1 H). 7.84 (s. 1 
H), 7.34 (t, J = 7.6 Hz, 3 H), 7.07-6.97 (m, 4 H), 4.79 (s, 2 H); FAB-HRMS 
(M+H*). Calcd. for CjjHijClNjOj 432.1227, found 432.1238. 

20 BXAMPLE 106 

COMPOUND 100 




Following the procedure of Example 104, a mixture of Cmd 67 (250 mg, 
0.5 mmol) and 60% NaH (150 mg, 3.5 mmol), in THF (9 mL) was stiired under 
25 nitrogen at 20 "C for 10 min then 4-phenoxybutyryl chloride Compound 106a 
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(Compound 104a; where R= '^Oi^ ) (580 mg, 2.9 mmol) was added. 
The reaction was then stirred at reflux for 1 h. Aqueous NaHCOj was added then 
extracted with ether. The ether layer was dried on Na2S04 then concentrated 
under vacuum and purified by column chromatography (BtOAc/hexane as 
5 solvent) to give 1 88 mg of the Boc-protected amide Compound 106b* The Boc- 
protected amide Compound 106b was stirred in dichlorometiiane (3 mL) and 
TFA (1 mL) at 20 ^'C for 48 h before concentrated. Ammonium hydroxide 
solution was added to the residue until the pH was about 10-1 1 and was then 
extracted with hot ethyl acetate. The ethyl acetate layer was dried (Na^SOJ then 
1 0 concentrated under vacuum and purified by recrystallization from ethyl acetate 

to give 30 mg (31%) of Cmd 100 (Compound 104c; where R= ^ ) as 
an ofiF-white solid; 'H NMR (300 MHz, D*-DMSO) S 10.36 (s, 1 H), 9.89 (s, 1 
H), 8.95 (s, 1 H), 8.83 (s, 1 H), 8.76 (s, 1 H), 8.60 (s, 1 H), 8.26 (s, 1 H), 7.88- 
7.84 (m, 2 H), 7.38 (t, J= 8.1 Hz, 1 H), 7.31-7.25 (m, 2 H), 7.02 (d, 7= 7,9 Hz, 1 
15 H). 6.95-6.90 (m, 3 H). 4.05 (t, J= 6.3 Hz, 2 H). 2.59 (t, J=« 7.3 Hz. 2 H), 2.08 
(m, 2 H); FAB-HRMS (M+H*). Calcd. for C25H22CIN5O2 460.1540, found 
460.1542. 

EXAMPLE 107 

20 COMPOUND 101 




Following the procedure of Example 104, a mixture of Cmd 67 (250 mg, 
0.5 mmol) and 60% NaH (150 mg, 3.5 mmol), in THF (9 mL) was stirred under 
nitrogen at 20 "C for 1 h then benzyloxyacetyl chloride Compound 107a 



25 (Compound 104a; where R= ^^^^ ) (646 mg, 3.5 mmol) was added. The 
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reaction was then stirred at reflux for 1 h. Saturated NaHCOa^^q) was added then 
extracted with ether. The ether layer was dried (NazSOJ then concentrated 
under vacuum and purified by column chromatography (EtOAc/hexane as 
solvent) to give 264 mg of the Boc-protected amide Compound 107b as an oil. 

5 The Boc-protected amide Compound 107b was stirred in dichloromethane (4.2 
mL) and TFA (1 .4 mL) at 20 X for 4 h before concentrated. Ammonium 
hydroxide solution was added to the residue until the pH was about 10-1 1 and 
was then extracted with ethyl acetate. The ethyl acetate layer was dried 
(NajSOJ then concentrated under vacuum and purified by recrystallization firom 

10 ethyl acetate to give 50 mg (22%) of Cmd 101 (Compound 104a; where R=^ 

) (AD-12 as an off-white soUd; 'H NMR (300 MHz, D*-DMSO) 6 
10.21 (s, 1 H). 9.89 (s, 1 H). 8.99 (d, J= 1.7 Hz, 1 H), 8.86 (brs. 1 H), 8.61 (s, 1 
H), 8.27 (s, 1 H), 7.90 (brs, 1 H ), 7.86 (d, J= 8.1 Hz, 1 H), 7.45-7.30 (m, 6 H), 
7.03 (d, 9.4 Hz, 1 H), 4.67 (s, 2 H), 4.18 (s, 2 H); Anal. Calcd. For 
15 C24H2oClN502«0.2 HjO: C, 64.13; H, 4.57; N, 15.58. Found: C, 64.22; H, 4.45; 
N, 15.61. 



EXAMPLE 108 
COMPOUND 102 




20 H 

JV-[5-C6-[(3-chIorophenyl)amino]pyrazinyl]- 

3-pyridinyl]-2-ethoxy-acetamide (Cmd 102) 

A mixture of Cmd 67 (250 mg, O.iS mmol) and 60% NaH (150 mg, 3.5 

mmol), in THF (6 mL) was stirred under nitrogen at 20 °C for 1 h then 

25 ethoxyacetyl chloride Compound 108a (where R= ethoxyene) (427 mg, 3.5 

mmol) in THF (3 mL) was added. The reaction was then stirred at reflux for 18 

h. Water was added then extracted with ethyl acetate. The ether layer was dried 

(NasSOJ then concentrated under vacuiim and purified by column 
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chromatography (EtOAc/hexane as solvent) to give 80 mg (42%) of Cmd 102 
(Compound 108b; where R== ethoxyene) as an off-white solid; *H NMR (300 
MHz, D^'-DMSO) 5 10.08 (s, 1 H), 9.89 (s, 1 H), 8,99 (s, 1 H), 8.89 (s, 1 H), 8,82 
(s, 1 H). 8.61 (s, 1 H), 8.27 (s, 1 H), 7.92 (d, 1.6 Hz, 1 H), 7.39 (t,/= 8.0 
5 Hz, 1 H), 7.04 (d, J= 7.9 Hz, 1 H), 4, 1 1 (s, 2 H), 3.62 (q, 7.0 Hz, 2 H), 1 .22 
(t, y= 7.0 Hz, 3 H); Anal. Calcd. For Cj^HjgClNjOa^O.l HjO: C, 59.18; H, 4.76; 
N, 18.16. Found: C, 59.06; H, 4,49; N, 17.98. 




H 

N' [5-[6- [(3 -chlorophenyl)amino]pyrazinyl]- 



1 5 3-pyridinyl]-3-methoxy-propanamide (Cmd 1 03) 

Following the procedure of Example 108, a mixture of Cmd 67 (250 mg, 
0.5 mmol) and 60% NaH (150 mg, 3.5 mmol), in THF (6 mL) was stirred under 
nitrogen at 20 "^C for 0.5 h then 3-methoxypropanoyl chloride Compoxmd 109a 
(Compound 108a; where R= (l-methoxy)methylene) (427 mg, 3.5 mmol) in 

20 THF (3 mL) was added. The reaction was then stirred at reflux for 1 8 h. Water 
was added then extracted with ethyl acetate. The ether layer was dried (NajSOJ 
then concentrated under vacuum and purified by column chromatography 
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(EtOAc/acetone as solvent) to give 50 mg (26%) of Cmd 103 (Compound 108b; 
where R= (l-methoxy)methylene) as an off-white solid; *H NMR (300 MHz, D*- 
DMSO) 5 10.35 (s, 1 H), 9.89 (s, 1 H), 8.96 (s, 1 H), 8,81 (s, 1 H), 8.78 (s, 1 H), 
8.60 (s, 1 H), 8.26 (s, 1 H), 7.88 (brs, 1 H), 7.84 (brs, 1 H), 7.40 (t, 7= 8.1 Hz, 1 
5 H), 7.04 (dd, J - 7.8, 1.1 Hz, 1 H), 3.66 (t, J» 6.1 Hz, 2 H), 3.26 (s, 3 H), 2.63 
(t, / = 6,1 Hz, 2 H); Anal. Calcd. For Cy^^jZmj:^^^^,! HjO: C, 58.90; H, 4.79; 
N, 18.08. Found: C, 59.07; H, 4.69; N, 17.93. 



Following the procedure of Example 104, a mixture of Cmd 67 (250 mg, 
0.5 mmol) and 60% NaH (150 mg, 3.5 mmol), in THF (9 mL) was stirred under 
nitrogen at 20 ""C for 0,5 h then acetoxyacetyl chloride Compound 110a 

15 (Compound 104a; where R== acetyloxyene) (478 mg, 3,5 mmol) was added. The 
reaction was then stirred at reflux for 18 h (conditions changed from Example 
104). Water was added then extracted with ethyl acetate. The ether layer was 
dried (Na2S04) then concentrated under vacuum and purified by column 
chromatography (EtOAc/acetone as solvit) to give 70 mg of the Boc-protected 

20 amide Compound 110b as an oil. The Boc-protected amide Compoimd 110b 
was stirred in dichloromethane (1,3 mL) and TFA (0.42 mL) at 20 ^'C for 60 h 
before concentrated. Anamonium hydroxide solution was added to the residue 
imtil the pH was about 10-1 1 and was then extracted with ethyl acetate. The 
ethyl acetate layer was dried Qii^^O^ tiien concentrated tmder vacuum and 

25 purified by column chromatogr^hy (EtOAc/acetone as solvent) to give 26 mg 
(13%) of Cmd 104 (Compoimd 104c; where R= acetyloxy^e) AD-15 as an off- 
white solid; ^H NMR (300 MHz, CD3OD) 5 8.91 (brs, 1 H), 8.75 (brs, 2 H), 8.42 
(brs, 1 H), 8.10 (brs, 1 H), 7.83-7.56 (m, 2 H), 7.28 (m, 1 H), 6.96 (m, 1 H), 4.85 



EXAMPLE 110 



10 



COMPOUND 104 




O 
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(s, 2 H), 2.21 (s, 3 H); MS (ES) m/z: 398 (M+O- 



EXAMPLE 111 
COMPOUND 105 




iV'-[5-[6-[(3-cMorophenyl)amino]pyrazmyl]- 
3-pyridinyl]-2-hydioxy-acetainide (Cmd 105) 
A mixture of Cmd 104 (prepared according to the procedure of Example 
110)(26 mg, 0.065 mmol). KjCOj (5.4 mg, 0.04 mmol), H,0 (0.1 mL) and 
10 methanol (3.4 mL) was heated at reflux for 1 min. Crystals were recovwed by 
filtration and purified by reciystallization firom methanol to give 5 mg (22%) of 
Cmd 105 as an off-white soUd; *H NMR (300 MHz, CD3OD) 6 10.10 (s, 1 H), 
9.89 (s, 1 H), 8.98-8.88 (m. 3 H), 8.60 (s, 1 H), 8.26 (s, 1 H), 7.89-7.86 (m, 2 H), 
7.40 (t, J= 8.2 Hz, 1 H), 7.04 (d, 7= 7.2 Hz, 1 H). 5.81 (m, 1 H), 4.08 (d. 5.5 
15 Hz, 2 H); FAB-HRMS (M+H*). Calcd. for CHmCINjOj 356.0914, found 
356.0927. 



EXAMPLE 112 
COMPOUND 106 




Bromine (2.3 mL, 44.6 mmol) was added dropwise to a suspension of the 
6-aminonicotinic acid Confound 112a (5.08 g, 36.8 nomol) in water (20 mL) at 
4 'C. After the completion of tite addition, ttie cooling bath was removed and the 
reaction mixture was stirred at room ten^erature for 4.5 h. Saturated NajSjO, 
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15 

20 
25 



was added slowly to the stiired mixture. The soUd was collected through 
filtration, washed with water, and dried under vacuum overnight to give 9.30 g 
of 6-andno-S-bromonicotinic acid along with 3,5-dibromo-2-aminopyridine in ~ 
1 : 1 ration as a greenish solid; MS (ES) m/z: 217 (M+H*). A mixture of the solid 
(4.00 g) containing 6-amino-5-bromonicotinic acid, DPPA (6.08 g, 22.1 mmol), 
triethylamine (2.80 g, 27.7 mmol), benzyl alcohol (3.8 mL, 36.8 mmol), and 
toluene (50 mL) was heated at 70 "C for 1 h, then 100 "C for 1 h. After 
concentration, the reaction mixture was purified by flash chromatography 
(EtOAc/hexane as solvent) to give 1.31 g (26% in 2 steps) of Compound 112b as 
a yellow soUd; 'H NMR (300 MHz, CDCl,) 8 7.99 (brs, 1 H), 7.91(d, J= 2.3 Hz, 
1 H), 7.39-7.34 (m, 5 H), 6.50 (bis. 1 H), 5.19 (s, 2 H), 4.79 (brs, 2 H); MS (ES) 
m/z: 324 (M+H*). Anal. Calcd. For C.jH.aBrNjOj.O.l HjO: C, 48.20; H, 3.80; N, 
12.97. Found: C, 48.40; H, 3.90; N. 12.64. 

A mixture of Compound 112b (685 mg, 2.13 mmol), (3-bromopropoxy)-tert- 
butyldiphenylsilane (965 mg, 2.56 mmol), and CsjCOj (1.04 g, 3.19 mmol) in 
dry DMF (20 mL) was heaxed at 70 "C for 3 h. The reaction mixture was 
concentrated and purified by column chromatography (EtOAc/hexane as solvent) 
to give 1.06 g (81%) of Compound 112c as a yellow oil; 'H NMR (300 MHz, 
CDCI3) 5 7.88 (brs, 1 H), 7.61-7.58 (m, 5 H), 7.51 (brs, 1 H), 7.41-7.30 (m, 10 
H), 5.12 (s, 2 H), 4.93 (s, 2 H), 3.74 (t, J= 7.4 Hz, 2 H), 3.65 (t, /= 6.0Hz, 2 H), 
1.82-1.73 (m, 2 H), 1.00 (s, 9 H); MS (ES) m/z: 620 (M+H*). Nitrosonium 
tetrafluoroborate (170 mg, 1.45 mmol) was added to the solution of Compound 
112c (680 mg, 1.10 mmol) in CHjClj (20 mL) at 4°C. After 1 h at 4''C, more 
NOBF4 (50 mg, 0.43 mmol) was added followed by the sicme amount of NOBF4 
(50 mg, 0.43 mmol) after another 1 h. After stirring for total 3 h at 4 "C, water 
was added. The aqueous solution was extracted with CH^Clj. The combined 
organic layers were dried, concentrated, and flash chromatographed 
(EtOAc/hexane) to give 425 mg (62%) of Compound 112d as a yeUow oil; 'H 
NMR (300 MHz, CDCI3) 5 8.24 (d, J= 2.3 Hz, 1 H), 7.84 (brs, 1 H), 7.59-7.56 
(m, 5 H), 7.45-7.27 (m, 10 H), 5.15 (s, 2 H), 3.83 (m, 2 H), 3.65 (t, J= 5.9 Hz, 2 
H), 1.79 (m, 2 H), 1.00 (s, 9 H); MS (ES) m/z: 645 (M+Na*). Anal. Calcd. For 
C32H34BrFN2O3Si.0.50 HjO: C, 60.95; H, 5.59; N, 4.44. Found: C, 60.65; H, 
5.24; N, 4.35. 
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A mixture of Compound 11 2d (405 mg, 0.652 mmol), bis(trimethyltin) (427 
mg, 1.30 mmol), tetrakis(triplienylphosphine) palladium (76 mg, 0.066 mmol), 
LiCl (1 10 mg, 2.59 mmol), and 2,6-di-rer^butyl-4-'methylphenol (6 mg, 0.03 
5 mmol) in anhydrous 1,4-dioxane (10 mL) was refluxed at 100 °C for 4.5 h under 
nitrogen. After removal of solvent under reduced pressure, the mixture was 
purified by flash chromatography (EtOAc/hexane as solvent) to give 375 mg 
(82%) of Compound 112e as a clear oil; NMR (400 MHz, CDCI3) 8 8.17 (s, 1 
H), 7.59-7.57 (m, 5 H), 7.53 (s, 1 H), 7.44-7.27 (m, 10 H), 5.14 (s, 2 H), 3.84 (t, 

10 7- 7,5 Hz, 2 H), 3.66 (t, 7- 5.8 Hz, 2 H), 1.82 (m, 2 H), 0.98 (s, 9 H), 0,38 (s, 9 
H); MS (ES) m/z: 729 (M+Na*), A mixture of Compound 112e (370 mg, 0,525 
namol), //-(te^t-butoxycarbonyl)-AH3-chlorophenyl)-2-amino-6-chlorop^ 
Cmd 45 (200 mg, 0.588 mmol), dichlorobis(triphenylphosphine)palladium (74 
mg, 0. 1 1 mmol), and LiCl (89 mg, 2.10 mmol) in anhydrous toluene (5 mL) was 

1 5 stirred at 100 ^'C for 1 9 h under nitrogen. After removal of solvent under reduced 
pressure, the residue was purified by flash chromatography (EtOAc/hexane as 
solvent) to give 140 mg (32%) of Compound 112f as a yellow solid; "H NMR 
(400 MHz, CDCI3) 5 9.15 (s, 1 H), 8.94 (d, J= 1.6 Hz, 1 H), 8.06 (s, 1 H), 7.89 
(brs, 1 H), 7,59^7.52 (m, 5 H), 7.41-7.20 (m, 13 H), 7.06-7.04 (m, 1 H), 5.13 (s, 

20 2 H), 3.78 (t, y= 7.3 Hz, 2 H), 3.62 (t, J= 5.9 Hz, 2 H), 1.76-1.70 (m, 2 H), 1.48 
(s, 9 H), 0.95 (s, 9 H); MS (ES) m/z: 868 (M+Na-^. 

) The mixture of Compound 112f (100 mg, 0,1 18 mmol), 10% Pd/C (100 mg), 

EtOH (9 mL), and EtOAc (3 mL) was hydrogenated under 22 psi for 46 h at 

25 room temperature. After removal of solvents under reduced pressure, the residue 
was purified by flash chromatography (ethyl acetate/hexane as solvent) to give 
55 mg (65%) of Compoimd 112f as the des-Cbz yellow oil. Anal. Calcd. For 
C39H43ClFN5O3Si.0.30 HjO: C, 65.26; H, 6,12; N, 9.76. Found: C, 65.50; H, 
6.30; N, 9.44. A solution of the yeUow oil (68 mg, 0.096 mmol), TFA (1 mL), 

30 and CH3SO3H (3 drops) was stirred at room temperature for 5 h and then 

concentrated. A saturated NH4OH solution was added to the residue until the 
mixture was made basic followed by the addition of water. The precipitated 
solid was collected through filtration, washed with water, and dried under 
vacuum. The product was purified by flash chromatography on silica gel (using 
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EtOAc/MeOH as the solvent) to provide 30 mg (84%) of Cmd 106 as a yellow 
soUd; 'H NMR (300 MHz, DMSO-i/*) 5 9.90 (s, 1 H). 8.42 (s, 1 H), 8.25 (s, 1 
H), 8.05 (s, 1 H), 7.64 (s, 1 H). 7.62 (s. 2 H), 7.36 (t. J= 8.1 Hz. 1 H), 7.03 (d, J 
= 7.8 Hz. 1 H), 6.02 (brs. 1 H). 4.52 (bra, 1 H). 3.54 (t, y= 5.9 Hz, 2 H), 3.17 (m, 
2 H), 1.76 (m, 2 H); MS (ES) m/z: 374 (M+H*^. 
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COMPOUND 107 
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A mixture of Compound 113a (1.25 g, 2.02 mmol), bis(trmiethyltin) (1.00 g, 
3.05 mmol), tetrakis(triphenylphosphine) palladium (240 mg, 0.208 mmol), LiCl 
(260 mg, 6.13 imnol), and 2,6-di-f^r-butyl-4-methylphenol (20 mg, 0.091 
mmol) in anhydrous 1,4-dioxane (25 mL) was refluxed at 100 °C for 3 h under 
nitrogen. After removal of solvent under reduced pressure, the residue was 
purified by flash chromatography (EtOAc/hexane as solvent) to give 1.05 g 
(74%) of Compound 113b as a yellow oil; *H NMR (300 MHz, CDCI3) 5 7.86 
(brs, 1 H), 7.61-7.58 (m, 5 H), 7.43-7.28 (m, 1 1 H), 5.1 1 (brs, 2 H), 4.40 (s, 2 H), 
3.75 (t, y = 7.6 Hz, 2 H), 3.66 (t, 7- 6.0 Hz, 2 H), 1.85-1.76 (m, 2 H), 0.99 (s, 9 
H), 0.34 (s, 9 H); MS (ES) m/z: 704 (M+H^. A mixture of Compound 113b 
(1.05 g, 1.50 mmol), iV-(rerNbutoxycarbonyl)-7/-(3-chlorophenyl)-2-aiiiino-'6- 
chloropyrazine Cmd 45 (510 mg, 1,50 mmol), 

dichlorobis(triphenylphosphine)palladium (105 mg, 0.150 mmol), and LiCl (190 
mg, 4.48 mmol) in anhydrous toluene (30 mL) was stirred at 100 °C for 2.5 h 
under nitrogen. After removal of solvent under reduced pressure, the residue was 
purified by flash chromatography (EtOAc/hexane as solvent) to give 830 mg 
(66%) of Compound 113c as a yellow oil; *H NMR (300 MHz, CDCI3) 5 9.00 (s, 
1 H), 8.52 (brs, 1 H), 7.93 (s, 1 H), 7.66 (brs, 1 H), 7.59-7.55 (m, 5 H), 7.41-7.27 
(m, 13 H), 7.14 (m, 1 H), 5.89 (s, 2 H), 5.11 (brs, 2 H), 3.77 (t, J= 7.4 Hz, 2 H), 
3.65 (t, 7= 5.9 Hz, 2 H), 1.84-1.75 (m, 2 H), 1.48 (s, 9 H>, 0.97 (s, 9 H); MS 
(ES) m/z: 843 (M+H*). Anal. Calcd. For C47H5|ClN6O5Si.l.70 H^O: C, 64.58; H, 
6.27; N, 9.61. Found: C, 64,93; H, 6.18; N, 9.23. Asolutionof Compound 113c 
(70 mg, 0,083 mmol), CF3SO3H (0.4 mL), and CH^Cl^ (1 mL) was stirred at 
room temperature for 1 .5 h and then concentrated. A saturated NH4OH solution 
was added to tibie residue at 4 °C until the mixture was made basic followed by 
the addition of water. The aqueous solution was discarded. The gummy 
material lefl: in the reaction flask was washed with water, dried under vacuum, 
and purified by flash chromatography (CHjCls/MeOHas solvent) to provide 37 
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mg (76%) of Cmd 107 as a dark yeUow oU; 'H NMR (300 MHz, MeOH-</^) 5 
8.31 (s, 1 H), 8.07 (s, 1 H), 7.71 (s, 1 H), 7.61 (d, 7= 2.5 Hz, 1 H). 7.47 (m, 2 H), 
7.29 (t. /= 8.0 Hz, 1 H), 7.01 (d, 7= 6.6 Hz, 1 H), 3.71 (t, /= 6.2 Hz, 2 H), 3.19 
(t, 7= 6.9 Hz, 2 H), 1.85 (m, 2 H); MS (BS) m/z: 371 (M+H*). 

5 

Br Pcl(PPh3)4. SnMea 
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EXAMPLE 114 

10 COMPOUND 108 

H 

,CI 




N-'-^-^OH 
HaC^O 

A solution of Compound 113c (128 mg, 0.152 mmol) and 30% HBr in 
AcOH (1 .5 mL) was stirred at room temperature for 7 h and tlien concentrated. 
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A satuiated NH4OH solution was added to the residue at 4 °C until the pH was 
-11. The aqueous solution was discarded. The gummy material left in the 
reaction flask was washed with water, dried under vacinim, and purified by flash 
chromatography (EtOAc/MeOH as solvent) to provide 62 mg (60%) of Cmd 
108 as a yellow oil; 'H NMR (300 MHz, CDCl,) 8 8.37 (s, 1 H), 8.14 (s, 1 H), 
7.71 (d. y = 2.6 Hz, 1 H), 7.52 (s, 1 H), 7.33-7.25 (m, 4 H), 7.09-7.06 (m, 2 H), 
5.77 (brs, 2 H), 4.22 (t, J= 6.2 Hz, 2 H), 3.23 (t, 6.8 Hz, 2 H), 2.08 (s, 3 H), 
1.97 (m, 2 H); MS (ES) m/z: 413 (M+H^. 



10 



113c 



30%HBr/AcOH 




HaC-^O 
Cmd 108 



EXAMPLE 115 
COMPOUND 109 
H 




HgC^^N 



H 



1 5 A solution of Compound 1 13c (58 mg, 0.069 mmol) in CH3CN (2 mL) was 
added to a solution of rert-butyl nitrite (0.018 mL, 0.14 mmol), CuBtj (23 mg, 
0. 10 mmol) and CH3CN (0.5 mL) at room tonperature. After stirring for 1 .5 h, 
the solvent was evaporated and the residue was partitioned between EtjO and 
diluted HCl aqueous solution. The organic layer was dried, concentrated, and 

20 flash chromatographed (EtOAc/hexane)to provide 32 mg (53%) of Compound 
115a as a yellow oil; 'H NMR (300 MHz, CDCI3) 8 9.96 (s, 1 H), 8.81 (s, 1 H), 
8.44 (brs, 1 H), 8.38 (d, J= 2.2 Hz, 1 H), 7.74 (brs, 1 H), 7.60-7.57 (m, 5 H), 
7.43-7.20 (m, 14 H), 5.17 (s, 2 H), 3.88 (t, J = 7.3 Hz, 2 H), 3.67 (t, J= 6.0 Hz, 2 
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H), 2.21 (s, 3 H), 1.84 (m, 2 H), 1.49 (s, 9 H), 0.98 (s, 9 H); MS (ES) m/z: 885 
(M+H*)- A solution of Compound 115a (83 mg, 0.094 mmol), aEijSOjH (0.5 
mL), and CH2CI2 (1 mL) was stured at room ten^erature for 6 h and then 
concentrated. A saturated NH4OH solution was added to the residue at 4 °C until 
5 thepHwas~10. The aqueous soluticm was discarded. The gummy material left 
in the reaction flask was washed with water, dried under vacuum, and purified by 
flash chromatography (CHzClj/MeOH as solvent) to provide 28 mg (72%) of 
Cmd 109 as a yellow solid; 'H NMR (300 MHz, MeOH-d^ 5 8. 18 (s, 1 H), 8.09 
(s, 1 H), 7.87 (m, 2 H), 7.62 (d, J= 7.3 Hz, 1 H), 7.38 (d, 7= 2.4 Hz, 1 H), 7.27 
10 (t, y= 8.1 Hz, 1 H). 6.97 (dd, y= 7.9, 1.1 Hz, 1 H), 3.70 (t, J= 6,1 Hz, 2 H), 3.29 
(m, 2 H), 1.90 (s, 3 H), 1.88 (m, 2 H); MS (ES) m/z: 413 (M+H*). 
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EXAMPLE 116 



COMPOUND 110 



H 




H 



Bromine (4.2 mL, 81.4 mmol) was added dropwise to the suspension of 6- 
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hydroxynicotinic acid Compound 116a (8.00 g, 57.6 mmol) in water (30 mL) at 
4 After the completion of the addition, the cooling bath was removed and the 
reaction mixture was stirred at room temperature for 4 h. Saturated Na^SjOj was 
added slowly to ttie stirred mixture imtil the brown mixture became white. The 

5 solid was collected through filtration, washed with water, and dried under 

vacuimi overnight to give 12.17 g (97%) of 6-hydroxy-5-bromonicotinic acid as 
an ofip-white soUd; *H NMR (300 MHz, DMSO-d^ 5 12.95 (brs, 1 H), 12.55 
(brs, 1 H), 8.16 (s, 1 H), 8.04 (s, 1 H). Quinoline (1.0 mL, 8.47 mmol) was 
slowly added to the solution of POCI3 (2.0 mL, 21.5 mmol), followed by 6- 

10 hydroxy-5-bromonicotmic acid (3.92 g, 1 8.0 mmol) at room temperature. After 
heating at 120 °C for 2 h, the reaction was quenched by addition of water 
dropwise at -100 **C. After the mixture was cooled at 4 for a few hours, the 
solid was collected through filtration, washed with water, and dried under 
vacuum overnight to give 3.68 g (87%) of Compound 116b as an off-white 

15 soUd; NMR (300 MHz, DUSO-d,) 5 8.86 (s, 1 H), 8,55 (s, 1 H); MS (ES) 
m/z: 236 (M-HT). 

A mixture of Compound 116b (2.00 g, 8.46 mmol), DPPA (3.49 g, 12.7 
mmol), triethylamine (2.56 g, 25.3 mmol), r-BuOH (18 mL), and toluene (20 

20 mL) was heated at 65 "^C for 3 h, then 100 **C for 1.5 h. After removal of solvent 
under reduced pressure, the reaction mixture was purified by flash 
chromatography (EtOAc/hexane as solvent) to give 3.04 g of Compound 116c 
(containing impurities) as an off-white soUd; NMR (300 MHz, CDCI3) S 8.36 
(s, 1 H), 8.19 (d, J= 2.3 Hz, 1 H), 7.01 (brs, 1 H), 1.52 (s, 9 H); MS (ES) m/z: 

25 309 (M+H^. Anal. Calcd. For C^oHi^BrClNA^ C, 39.05; H, 3.93; N, 9.1 1. 

Found: C, 38.94; H, 4.01; N, 9.06. A mixture of Compound 116c (710 mg, 2.31 
mmol), 3-bromo-l-propanol (400 mg, 2.88 mmol), and Cs^COa (1.13 g, 3.47 
mmol) in diy CH3CN (10 mL) was heated at 65 **C for 17 h. The reaction 
mixture was concentrated and purified by column chromatography 

30 (EtOAc/hexane as solvent) to give 255 mg (30%) of Compound 116d as a clear 
oil; *H NMR (300 MHz, CDCI3) 8 8.22 (d, 2.4 Hz, 1 H), 7.84 (d, J= 2.3 Hz, 
1 H), 3.80 (t, J= 6.5 Hz, 2 H), 3.67 (m, 2 H), 1.74 (m, 2 H), 1.44 (s, 9 H); MS 
(ES) m/z: 389 (M+Na^. A mixture of Compound 116d (145 mg, 0.396 mmol), 
bis(trimethyltin) (260 mg, 0.794 mmol), tetrakis(triphenylphosphine) palladium 
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(46 mg, 0.040 mmol), LiCl (68 mg, 1.6 mmol), and 2,6-di-rerr-butyl-4- 
methylphenol (4 mg, 0.02 mmol) in anhydrous 1,4-dioxtoe (5 mL) was refluxed 
at 100 ®C for 3 h under nitrogen. After removal of solvent under reduced 
pressure, the residue was purified by flash chromatography (CHjCla/EtOAc as 
5 solvent) to give 149 mg (84%) of Compound 116e as a clear oil; 'H NMR (300 
MHz, CDCI3) 5 8.13 (d, J= 2.9 Hz, 1 H), 7.50 (d, J= 2.9 Hz, 1 H), 3.79 (t, J- 
6.3 Hz, 2 H), 3.67 (m, 2 H), 1.71 (m, 2 H), 1.42 (s, 9 H), 0.42 (s, 9 H); MS (ES) 
m/z: 451 (M+H*). 

10 A mixture of Compound 116e (145 mg, 0.323 nmiol), iV-(fer^- 

butoxycarbonyl)-iNr-(3-chlorophenyl)-2-arnino-6-chloropyrazine Cmd 45 (120 
mg, 0.353 mmol), dichlorobis(triphenylphosphine)palladium (23 mg, 0.033 
mmol), and LiCl (55 mg, 1 .3 nmiol) in anhydrous toluene (4 mL) was stirred at 
1 10 "^C for 32 h under nitrogen. After removal of solvent under reduced pressure, 

15 ttie residue was purified by flash chromatography (EtOAc/hexane as solvent) to 
give 28 mg (15%) of the coupling compound as a yellow solid. A solution of the 
yellow solid (28 mg, 0,047 mmol), TFA (1 mL), and CH2CI2 (1 mL) was stirred 
at room temperature for 1 .5 h and then concentrated. A saturated NH4OH 
solution was added to the residue until the mixture was made basic, followed by 

20 the addition of water. The precipitated solid was collected throu^ filtration, 
washed with water, and dried under vacuum. The product was purified by flash 
chromatography on silica gel (EtOAc/CHzCla as solvent) to provide 13 mg 
(70%) of Cmd 1 10 as a yeUow soUd; ^H NMR (300 MHz, DMSO-d,) 5 9.89 (s, 
1 H), 8.26 (s, 2 H), 8.07 (s, 1 H), 7.86 (d, J= 2.9 Hz, 1 H), 7.57 (d, 7= 8.3 Hz, 1 

25 H), 7.32 (t, y = 8.1 Hz, 1 H), 7.20 (d, J- 2.9 Hz, 1 H), 6.99 (d, 6.0 Hz, 1 H), 
6.26 (t, J= 5.2 Hz, 1 H), 4.50 (brs, 1 H), 3.50 (m, 2 H), 3.15 (m, 2 H), 1.72 (m, 2 
H); MS (ES) m/z: 390 (M+H^. 
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EXAMPLE 117 
COMPOUND 111 



2.0 M TMSCHN2 in hexane (6.4 mL, 12.8 mmol) was slowly added to a 
suspension of Compound 116b (2.00 g, 8.46 mmol) in CJR^ (10 mL) and MeOH 
(10 mL) at 4 **C. After 15 min, the cooling bath was removed The solution was 

10 stirred at room temperature for 1 h, concentrated under reduced pressure, and 
flash chromatographed to give 2.03 g (96%) of methyl 5-bromo-6- 
chloronicotinic acid as a white solid. The mixture of methyl S-bromo-6- 
chloronicotinic acid (4.00 g, 16.0 mmol), KF (2.78 g, 47.9 mmol), 
tetraphenylphosphonium bronude (3.35 g, 8.0 mmol) mC. CH3CN (100 mL) was 

15 heated at 80 °C for 4.5 days and filtered. The filtrate was concentrated and flash 
chromatographed (EtOAc/hexane as solvent) to provide 2.40 g (64%) of 
Compound 117a as white crystals; *H NMR (300 MHz, CDCI3) S 8.78 (m, 1 H), 
8.58 (dd, J= 8.2, 2.1 Hz, 1 H), 3.97 (s, 3 H); MS (ES) m/z: 235 (M+H*). Anal. 
Calcd. For QHsBrFNO^: C, 35.93; H, 2.15; N, 5.99. Found: C, 36.10; H, 2.43; 

20 N, 5.90. A mixture of Compound 117a (2.02 g, 8.63 mmol), bis(trimethyltin) 
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(3.40 g» 10.4 mmol), tetra]ds(triph6nylphosphme) palladium (O.SOO g, 0.433 
nunol), LiCl (1.10 g, 25.9 mmol), and 2,6-di-fe/t-butyl-4-methylphenol (76 mg, 
0.34 mmol) in anhydrous 1 ,4-dioxane (40 mL) was refluxed at 100 **C for 2 h 
under nitrogen. After removal of solvent under reduced pressure, the mixture 
S was purified by flash chromatography (EtOAc/hexane as solvent) to give 2.72 g 
(99%) of Compound 117b as white aystals; *H NMR (300 MHz, CDCI3) 6 8.81 
(d, y « 2.4 Hz, 1 H), 8.42 (dd, /= 6.4, 2.5 Hz, 1 H), 3.94 (s, 3 H), 0.42 (s, 9 H); 
MS (ES) m/z: 320 (M+H^. 



10 A mixture of Compoimd 117b (285 mg, 0.896 mmol), iV-(ter/- 

butoxycarbonyl)-iV'-(3-chlorophenyl)-2-aniino-6-chloropyra2dne Cmd 45 (335 
mg, 0.985 mmol), dichlorobis(triphenylphosphine)palladium (63 mg, 0.090 
mmol), and LiCl (152 mg, 3.58 mmol) in anhydrous toluene (5 mL) was stirred 
at 100 **C for 32 h under nitrogen. After removal of solvent under reduced 

15 pressure, the residue was purified by flash chromatography (EtOAc/hexane as 
solvent) to give 234 mg (57%) of Compound 117c as a white solid; *H NMR 
(300 MHz, CDCI3) 8 9.13 (s, 1 H), 8.95 (d, 7= 2.3 Hz, 1 H), 8.86 (m, 1 H), 8.67 
(dd, 9.1, 2.4 Hz, 1 H), 7.42-7.37 (m, 2 H), 7.31 (m, 1 H), 7.16 (m, 1 H), 3.96 
(s, 3 H), 1.50 (s, 9 H); MS (ES) m/z: 481 (M+Na^. Anal. Calcd. For 

20 C22H20CIFN4O4: C, 57.58; H, 439; N, 12.21. Found: C, 57.67; H, 4.44; N, 

12.03. The mixture of NaCN (60 mg, 1,22 mmol) and DMF (2 mL) was stirred 
at 100 °C for 1.5 h. After cooling to 4 ^C, the solution of Compound 117c (187 
mg, 0.407 mmol) in DMF (3 mL) was added. After stirring at room temperature 
for 1 h, water was added. The aqueous solution was extracted with EtjO (x 3), 

25 and the combined organic layers were washed with water, dried, concentrated, 
and flash chromatographed (EtOAc/hexane as solvent) to give 135 mg (71%) of 
Compound 117d as a yeUow oU; ^H NMR (300 MHz, CDCI3) 5 9.29 (s, 1 H), 
9.26 (d, J= 1.9 Hz, 1 H), 8.87 (s, 1 H), 8.52 (d, 1.9 Hi, 1 H), 7.39-7.28 (m, 3 
H), 7.21-7.18 (m, 1 H), 4.01 (s, 3 H), 1.49 (s, 9 H); MS (ES) m/z: 488 (M+Na"). 

30 

The solution of Compound 117d (165 mg, 0.354 mmol), 1.0 M LiOH (0,5 
mL, 0.5 mmol), THF (4 mL), and water (0.5 mL) was stirred at room 
temperature for 1.5 h. More LiOH (12 mg, 0.5 mmol) was added, and the 
solution was stirred for another 1 h then concentrated. AcOH was added to the 
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20 



residue until the pH was - 5-6. The precipitated solid was collected through 
filtration, rinsed with water, and dried overnight to give 155 mg (97%) of acid. 
A mixture of the acid (155 mg, 0.343 mmol), DPPA (123 mg, 0,447 mmol), 
triethylamine (70 mg, 0.69 mmol), ^BuOH (2 niL), and toluene (4 mL) was 
heated at 70 for 1 h, then 100 ""C for 2.5 h. After removal of the solvents 
under reduced pressure, the reaction mixture was piuified by flash 
chromatography (EtOAc/hexane as solvent) to give 124 mg (69%) of Compound 
117e as a clear oil; NMR (300 MHz, CDCI3) 8 9.17 (s, 1 H), 8.82 (s, 1 H), 
8.48 (d, y = 2.5 Hz, 1 H), 8.33 (d, J= 2.4 Hz, 1 H), 7.37-7.27 (m, 3 H), 7.22-7.18 
(m, 1 H), 6.82 (brs, 1 H), 1.53 (s, 9 H). 1.49 (s, 9 H); MS (ES) m/z: 545 
(M+Na*). A mixture of Compound 117c (1 14 mg, 0.218 mmol), (3- 
bromopropoxy)-ter/-butyldimethylsilane (1 10 mg, 0.435 mmol), and CsjCO, 
(170 mg, 0.521 mmol) in dry DMF (5 mL) was heated at 70 **C for 1 h. The 
reaction mixture was concentrated and purified by column chromatography 
(EtOAc/hexane as solvent) to give 144 mg (95%) of the iV^alkylated compound 
as a clear oil. A solution of the oil (144 mg, 0.207 mmol> and TFA (2 mL) was 
stirred at room temperature for 2 h and then concentrated. A saturated NH4OH 
solution was added to the residue until the mixture was made basic followed by 
the addition of water. The precipitated solid was collected through filtration, 
washed with water, and dried imder vacuum. The product was purified by flash 
chromatography on silica gel (EtOAc/MeOH as solvent) to provide 8 mg (10%) 
of Cmd 111 as a yellow solid; NMR (300 MHz, DMSO-^^,) 5 9.96 (s, 1 H), 
8.38 (s, 1 H), 8.34 (s, 1 H), 8.15 (d, J= 1.7 Hz, 1 H), 8.12 (s, 1 H), 7.63 (d, 
8.1 Hz, 1 H), 7.33 (t, J= 8.1 Hz, 1 H), 7.19 (m, 2 H), 7.01 (d, J- 7,8 Hz, 1 H), 
4.55 (t, y = 5.0 Hz, 1 H), 3.51 (m, 2 H), 3.26 (m, 2 H), 1.74 (m, 2 H); MS (ES) 
m/z: 381 (M+H^. 
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EXAMPLE 118 

VEGF-R Screening Assay 
5 A kinase reaction mixture was prepared containing SO mM Tris-HCl 

pH=8, 10 mM MgCli, 0.1 mM Na3P04, 1 mM DTT, 10 jiM ATP, 0.025 jiM 
biotinylated peptide substrate and 0.8 |jiCuries per well ''''-y- ATP [2000-3000 
Ci/mmol]. 70 pi of the kinase reaction mixture was dispensed into the well of a 
strq>tavidin coated FlashPlate™ (Cat. # SMP103, NENT, Boston, MA). Then 1 yX 
10 of test compound stock in 100% DMSG was added to the wells resulting in a 
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final concentration of 1% DMSO in the reaction with a 100 \il final reaction 
volume. Next, soluble rat tyrosine kinase containing an N-terminal 6XHIS tag 
was diluted in 50 mM Tris-HCl pH=8.0, 0.1% BSA at a concentration of 5 ng 
per microliter and 30 ^1 (150ng enzyme per test well) was added to each well to 
initiate the reaction. The reaction was incubated for one hour at 30°C Atfhe 
end of the 1-hour incubation, the reaction was terminated by aspirating the 
reaction mixture &om &e plate and washing the wells twice with PBS containing 
100 mM EDTA. The PLCl biotinylated peptide substrate becomes immobilized 
on the Flashplate"" and the incorporation of "P-y-ATP was measured by reading 
the plate on a scintillation counter. Inhibition of the enzymatic activity of the 
VEGF-R was measured by observing a reduced amount of *^P-y-ATP 
incorporated into the immobilized peptide. 

IC50 data for VEGF-R and CDK are shown in Tables 1 to 3. IC50 values 
listed as >10 or >100 indicate no observed 50% inhibition at the highest dose 
tested, nor was an inhibition maxima observed. The tern; n.d. means not tested. 

Compared to VEGF-R kinase inhibitory pyrazine derivative 3-[[5-[6-[(3- 
chlorophenyl)amino]pyrazLQyl]-3-pyridinyl]amino]-l-propanol (Cmd 4), 
compoimds 52, 57, 62, 87, 88 and 89 were prepared with variations on the Y 
position. 



J 



Table 1 



A'-[Y-phenyI-(CH^J-6-(5-R8-3-pyridmyl)-2-pyrazinamine 

derivatives 
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NH 
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3-Cl 
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0 


H 


NHCO-3-pyridine 
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>100 
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NH 


0 
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NHfCH,),OH 


3-F 


-100 


0.17 


57 
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3-OCH3 
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69 


NH 


0 


H 


NH(CH2)3-piperazine 


3-Cl 


>10 


0.364 


70 


NH 


0 


H 


NH(CH2)4-(4-pyndme) 


3-Cl 


1 A 

10 


A 0 AC 

0.295 


71 


NH 


0 


H 


NH(CH2)3-(4-pyridine) 


3-Cl 


>10 


0.052 


72 


NH 


0 


H 


NH(CH2)3-(3-pyridine) 


3-Cl 


>10 


0.089 


73 


NH 


0 


H 


NH(CH2)3-(1- 
piperidine) 


3-Cl 


3.24 


0.105 


74 


NH 


0 


H 




3-Cl 


>10 


0.578 


75 


NH 


0 


H 


NH(CH2)3-(1- 
pyrazole) 


3-Cl 


>10 


0.079 


76 


NH 


0 


H 


NH(CHj),-(l,2,4. 

triazole) 


3-Cl 


>10 


0.052 


77 


NH 
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H 


NH(CH2)3-(1- 
imidazole) 


3-Cl 


>10 
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NH(CHi)jO(CHa)jO 
(CH2)jOH 
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HN' 


3-Cl 


>10 
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80 


NH 


0 


H 


NH(CH2)j-C6Hs 


3-Cl 


>10 


2.277 
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NHCH2C0N(CjHs)j 
NHCHjCfiHj 

NH(CHj)20(CHj)20C 
H3 
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NH 
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H 


82 


NH 
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NH 
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NH 


0 


H 


86 


NH 
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NH(0H2)3-Nf^-^ ^ 



3-Cl 
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3-Cl 


>10 


4.3 


3-Cl 
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3-Cl 
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3-Cl 


>10 
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3-Cl 


>10 


>10 
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4-Cl 
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NH(CH2)3-(4-pyridme) 


4-OCH3 
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3,4-Cl2 
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3-Cl 
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NH 
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NH 
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3-Cl 
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NH 
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NHCOCH2OCH2CH3 
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NH 
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^^HCO(CHJ)^OCH3 


3-Cl 


>10 


0.59 
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NH 
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NHCOCHjOH 


3-Cl 
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NH 
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3-Cl 
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NH 
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3-Cl 
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NH 
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NH(CHj),OH 


3-Cl 
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NH 
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3-Cl 
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NH 
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NH(CH,),OH 


3-Cl 


>10 


>10 



Table 2 

iV-(3-clilorophenyO-6-(Rs-Het>2-pyrazinaniine derivatives 
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97 I a NH(CHj)30H 6.15 0.416 




Tables 




Cmd Het CDK VEGF- 
IC«(uM> RICo.(uM) 




>10 0.84 



>10 >10 



>10 >10 



>10 >10 



2.40 >10 



wo 02/24681 



PCT/USOl/29175 



173 



EXAMPLE 119 



10 
15 
20 

} 

25 



Kinase Selectivity Assays 

Assays to test compound inhibition of other kinases were preformed 
using methods that measure the amount of phosphorylation of a biotinylated 
peptide substrate. Biotinylated peptide substrates were selected from the 
literature as appropriate for tiie enzyme being evaluated. The general procedure 
used to assay for kinase activity is as follows: A kinase reaction mix was 
prepared in 50 mM Tris-HCl pH=8. 10 mM MgClj, 0.1 niMNa3V04, 1 mM 
DTT, 5-10 jiM ATP, 0.25-1 yM biotinylated peptide substrate, 0.2-0.8 nCuries 
per well '^P-y-ATP [2000-3000 Ci/nunol], Assay conditions vary slightly for 
each protein kinase, for example, insulin receptor kinase requires 10 mM MnCls 
for activity and Cahnodulin-dependent protein kinase requires cahnodiilin and 2 
mM CaClj. The reaction mixture was dispensed into the wells of a streptavidin 
coated Flashplate and 1 drug stock in 100% DMSO was added to a 100 jxl 
reaction volume resulting in a final concentration of 1% DMSO in the reaction. 
Enzyme was diluted in 50 mM Tris-HCl pH=8.0, 0.1% BSA and added to each 
well. The reaction was incubated for one hour at SO^'C in the presence of 
compound. After one hour the reaction mix was aspirated firom the plate and ttie 
plate was washed with PBS containing 100 mM EDTA. The plate was read on a 
scintillation counter to determine ^^P-y-ATP incorporated into the immobilized 
peptide. Test compoimds were assayed in duplicate at 8 concentrations [100 
^M, 10 jLiM> 1 (iM, 100 nM, 10 nM, 1 nM, 100 pM, 10 pM]. A maximum and 
minimum signal for the assay was determined on each plate. The IC50 was 
calculated from the dose response curve of the percent inhibition of the 
maximum signal in the assay according to the formula [max signal — 
background/test compound signal - background (100) — % inhibition] by 
graphing the percent inhibition against the log concentration of test compound. 
Known inhibitor compounds appropriate for the kinase being assayed were also 
included on each plate. 

Definition and Source of Kinase Enzvmes. 

VEGF-R (vascular endothelial growth factor receptor-2) is a fusion 
pioteia containing a polyhistidine tag at the N-terminus followed by amino acids 
786-1343 of the rat VEGF-R2 kinase domain (GenBank Accession #U93306). 
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CDKl (cyclin dependent kinase 1) is isolated from insect cells expressing both 
the human CDKl catalytic subunit and its positive regulatory subimit cyclin B 
(New England Biolabs, Beverly, MA, Cat. #6020). CDK4 (cyclin dependent 
kinase 4) contains amino acids 769 to 921 of the mouse R6 protein found in the 
GST-retinoblastoma protein construct (Santa Cruz Biotechnology, Santa Cruz, 
CA; Cat. #SC-41 12). Insulin Receptor Kinase consists of residues 941-1313 of 
the cytoplasmic domain of the beta-siibunit of the human insulin receptor 
(BIOMOL, Plymoutti Meeting, PA, Cat. #SE-195). Protein Kinase A is the 
catalytic subunit of cAMP dependent protein kinase-A purified from bovine 
heart (Upstate Biotech, Lake Placid, NY, Cat#14-1 14). PKC (protein kmase-C) 
is the gamma or beta isoform of the human protein produced in insect cells 
(BIOMOL, Plymouth Meeting, PA, Cat. #SE-143). Casein Kinase 1 is a 
truncation at amino acid 318 of the C-temiinal portion of the rat CKl delta 
isoform produced in E.coli (New England Biolabs, Beverly, MA, Cat. #6030). 
Casein Kinase 2 includes the alpha and beta subunits of the human CK2 protein 
produced in E.coli (New England Biolabs, Beverly, MA, Cat. #6010). 
Calmodulin Kinase (calmodulin-dependent protein kinase 2) is a truncated 
version of the alpha subunit of the rat protein produced in insect cells (New 
England Biolabs, Beverly, MA, Cat. #6060). Glycogen Synthase Kinase-3 is the 
beta isoform of the rabbit enzyme produced in Rcoli (New England Biolabs, 
Beverly, MA, Cat. #6040). MAP Kinase is the rat ERK-2 isoform containing a 
polyhistidine tag at the N-terminus produced in E.colu and activated by 
phosphorylation with MEKl prior to pxirification (BIOMOL, Plymouth Meeting, 
PA, Cat. #SE-137). EGFR (epidemial growth factor receptor) is purified from 
human A431 cell membranes (Sigma, St. Louis, MO, Cat.# E3641). PDGF-R 
(platelet derived growth factor receptor) is a fusion protein containing a 
polyhistidine tag at the N-terminus followed by nucleotides 1874-3507 of the 
human PDGF-R beta subunit kinase domain (Accession #M21616). 

Peptide Substrates 

Assay/ Kinase Peptide Substrate 



SeqlD 
NO: 



1/ 1 VEGF-R 



(Biotin)KHiCKLAEGSAYEEV-Amide 
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PKC-p2 


(Biotm)RFARKGSLRQKNV-NH2 


8 16 


Casein Kinase 1 


(Biotin)KRRRALS(phospho)VASLPGL-Amide 


9 /7 


Casein Kinase 2 


(Biotin)RREEETEEE-Amide 


10/8 


Calmodulin Kinase 


Biotm)KKAlRRQ£TVDAL-Amide 


11/9 


GSK-3 


Biotin)KRREILSRItP(phospho)SYR-Ainide 


12/10 


MAP Kinase ERK-2 


(Biotin)APRTPGGRR-Amide 


13/11 


Insulin Kinase 


(Biotin)TRDIYETDYYRK-Amide 


14/12 


PDGF-R 


(Biotin)KHKKLAEGSAYEEV-Amide 


15 


FGF-R2 


(Biotin)Poly(GT)4:l 


16 


HER2 


(Biotin) Poly(GT) 4:1 



The IC50 data (in \iM) for varioxis kinases is shown in Table 4. ICso 
values listed as >10 or >100 indicate no observed 50% inhibition at the highest 
dose tested, nor was an inhibition maxima observed. Values shown as -10 
5 indicate an approximate value based on an observed 50% inhibition. ND means 
not tested. 



Table 4 

Kinase Selectivity of Pyrazlne Derivatives 
Assay Cmd Cmd Cmd Cmd Cmd Cmd Cmd 
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>100 


4.89 
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Table 4 (cont.) 
Kinase Selectivity of Pyrazine Derivatives 
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6.5 


ND 


ND 


ND 


9 


6.35 


8.1 


7.2 


ND 


ND 


ND 


10 


7.55 


27 


15.8 


ND 


ND 


ND 


11 
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ND 


ND 


ND 


15 
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0.153 


0.221 


ND 


ND 


16 


7.2 
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2.24 


0.966 


ND 
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EXAMPLE 120 

Cell Proliferation Assay 
5 The ability of a test compound to inhibit the proliferation of cell growth 

was determined by measuring incorporation of ^^C4abelled thymidine into newly 
synthesized DNA within the cells. This method was used on cell lines derived 
from carcinomas originating from several tissues such as HeLa cervical 
adenocarcinoma (American Type Culture Collection (ATCC), Vurginia, Cat. 

10 #CCL-2), A375 maKgnant melanoma (ATCC CRL-1619), SK-OV-3 ovarian 
adenocarcmoma (ATCC HTB-77) HCT-116 colon carcmoma (CCL-247) and 
PC-3 prostate adenocarcinoma (ATCC CRL-143S). The method was also iised 
on primary cells such as HUVEC endothelial ceUs (ATCC CRL-1730), In this 
way the effect of a compound on cell growth of cells with many different 

1 S phenotypes can be determined. CeUs were trypshuzed and counted and 3000- 
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8000 cells were added to each well of a 96-well CytoStar tissue culture treated 
scintillating microplate (Amersham #RPNQ0160) in complete medium in a 
volume of ICQ |al. Cells were incubated for 24 hours in complete medium at 
37°C in an atmosphere containing 5% COj. 

5 

Next, 1 III of test compound in 100% DMSO was added to the wells of 
the plate, DMSO only was added to control wells. Cells were incubated for 24 
more hours in complete medium at 37^C in an atmosphere containing 5% COj. 
Methyl "C-thymidine 56 mCi/mmol (MEN #NEC568 or Amersham #CFA532) 
10 was diluted in complete mediimi and 0.2 |iCi/well was added to each well of the 
CytoStar plate in a volume of 20 (xl. The plate was incubated for 24 hours at 
37°C plus 5% CO2 in dmg plus "C-thymidine. 

The contents of the plate were discarded into a **C radioactive waste 
15 container by inverting the plate and the plate was washed twice with 200 |li1 PBS. 
200 of PBS is then added to each well. The top of the plate was sealed with a 
transparent plate sealer and a white plate backing sealer (Packard #6005199) was 
applied to the bottom of the plate. The degree of Methyl ^'^C-thymidine 
incorporation was quantified on a Packard Top Count. 

20 

The IC50 H'M) for various compoimds is shown in Table 5. IC50 

values listed as >10 or >100 indicate no observed 50% inhibition at the highest 
dose tested. ND means not tested. 

Table 5 

Inhibition of cell proliferation 
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Cmd4 


Cmd32 


Cmd33 


Cmd35 


Cmd71 


HeLa 


4.56 


86.4 


2.23 


>100 


3.8 


HCT-116 


8.35 


23.47 


>100 


>100 


3.29 


SK-OV-3 


3 


14.57 


21.47 


19.34 


ND 


MDA-MB-231 


3.26 


27.62 


12.67 


98.3 


1.88 


PC-3 


11.34 


67.64 


22.87 


>100 


3.2 



CeUllne 



Table 5 (cont.) 
Inhibition of cell proliferation 
Cmd72 Cmd73 Cmd7S Cmd76 



• 
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HeLa 5.7 

HCT-116 4.97 

SK-OV-3 ND 

MDA-MB-231 2.57 

PC-3 2.58 



2.2 

ND 

3.78 

ND 

ND 



12.5 
ND 
>10 
ND 



5.34 



4.94 

ND 

12.9 

ND 

ND 
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Rat Aortic Ring Assay 

The rat aortic ring assay is a rapid in vitro assay that measures new 
capillary growth in an environment that closely approximates tiie in vfvo 
conditions of the extracellular matrix. The assay was performed as described 
(Nicosia, RF and Ottinetti, A. Growth of new microvessels in serum-firee matrix 
culture of rat aorta, iaft/nvesr., 63: 115-122, 1990). Thoracic aortas were 
removed from 1 to 2-monlh old male Sprague-Dawley rats and transforred to a 
culture dish cbntaining serum-free MCDB 131 mediiun (Clonetics). Extraneous 
tissue was removed and the aorta was sectioned into rings approximately 1mm 
long and rinsed 8-10 times in serum-free mediimi. A solution of sterile 1.5% 
agarose (Type VI-A, Sigma, St. Louis, MO) was added to the wells of a 6-weU 
plate. The wells were filled with clotting fibrinogen solution and an aortic ring 
was transferred into the well positioned with the lumen oriented horizontally in 
the center of the fibrin gel solution. The fibrinogen solution was prepared in 
MCDB 131 medium with bovine fibrinogen at 3 mg/ml. Clotting was uiitiated 
by adding 20 ^1 of a 50 NIH units/ml bovine thrombin solution and the fibrin gel 
generally formed within 30 seconds. The fibrinolytic inhibitor amino-n-c^roic 
acid was added to the culture medium at 300^g/ml (microgram per milliliter) for 
the first four days of the assay and at 50 ng/ml fix>m day 5 to day 8. Once the 
fibrin gel solution solidified, 5 ml of serum-free MCDB 131 media containing 
100 Hg/ml penicillio, 100 jigAnl streptomycin and 0.25 M-g/ml amphotericin B 
was added to each well. Explants ware incubated at 37''C with 5% CO2 for 8 
days. Medium was replaced every 2-3 days and the assay was analyzed on day 
8. Inhibition of vascular sprouting was measured by adding test compounds 
diluted in DMSO. The final concentration of DMSO in the assay did not exceed 
0,2%. As shown in Table 6, the degree of inhibition was quantified using the 
Vessels image analysis package as described (Nissanov, J, Tuman, RW, Gruver, 



wo 02/24681 PCT/USOl/29175 

179 

LM and Fortunato, JM. Automatic vessel segmentation and quantification of the 
rat aortic ring assay of angiogenesis. Lab. Invest 73, 734-739, 1995). 

Table 6 - Inhibition of Vascular Sprouting 

Cmd4 Cmd32 Cmd33 Cmd35 

aCso liM) 0,099 0.83 >1 >1 

5 EXAMPLE 122 

In vitro AUTOPHOSPHORYLATION assay for kinase inhibition 
VEGF'R autophosphorylation assay 

Growth factor receptors are activated following binding of their cognate 
ligands which catalyzes autophosphorylation of the receptor. The VEGF 

10 receptor is autophosphorylated upon binding to VEGF (Tessler, S., Rockwell, P., 
fficklin, D., Cohen, T., Levi, B.-Z., Witte, L. Lemischka, I.R. & Neufeld, G. 
(1994) J. Biol Chem. 269, 12456-12461) and activation of signal transduction 
then occurs (Heldin, C.-H. (1995) Cell 80, 213-223). As autophosphorylation is 
essential for a signal to be transduced, an assay to quantitate the degree of 

1 5 phosphorylation of the VEGF receptor measures the ability of a test compound 
to directly inhibit activation of tiie VEGF-R and eliminates the possibility of 
substrate interactions. 

A kinase reaction mixture is prepared containing 50 mM Tris-HCl pH=8, 
20 10 mM MgClj, 0.1 mM Na3V04, 1 mM DTT, 5-10 ATP, and 0.8 jiCuries 
per well"^-Y-ATP [2000-3000 Ci/mmol]. 70 jxl of the kinase reaction mixture is 
dispensed into the well of an NTA-Nickel coated FlashPlate™ (Cat. # SMP107, 
MEN, Boston, MA). Then 1 |il of test compound in 100% DMSO is added to the 
wells resulting in a final concentration of 1% DMSO in the reaction (100 ^1 final 
25 reaction volume includes subsequent enzyme solution). Then soluble rat 

tyrosine kinase containing an N-terminal 6XHIS tag is diluted in 50 mM Tris- 
HCl pH=8.0, 0.1% BSA at a concentration of 5 ng per microliter and 30 |xl 
(150ng per test well) is added to each well to initiate the reaction. The reaction 
is incubated for one hour at 30**C. At the end of the 1-hour incubation, the 
30 reaction is terminated by aspiratmg the reaction mixture fi-om the plate and 



wo 02/24681 



PCT/USOl/29175 



180 



10 

\ 

15 
20 
25 



washing the wells twice with PBS containing 100 mM EDTA. The 6XHIS- 
VEGF receptor becomes immobilized on the Flashplate™ and the incorporation 
of ^^P-y-ATP via autophosphorylation is measured by reading the plate on a 
scintillation counter. Inhibition of the enzymatic activity of the VEGF-R is 
measured by observing a reduced amount of "P-y-ATP incorporated into the 
immobilized enzyme. 



In vivo models - Inhibition of Tumor Growth 

The in vivo effect of a compoimd on the growth of himxan tumor cells can 
be evaluated by implanting human tumor cells into the hindflank of athymic 
mice and administering test compound to the mice. Such assays are useful in 
identifying and confirming compounds that are useful for inhibiting angiogenesis 
or to identify compounds that can inhibit VEGF activity and therefor are useful 
for treating a variety of cancers or other diseases associated with abnormal or 
aberrant angiogenesis, such as those diseases discussed supra. Human tumor 
cells originating from a variety of different cancer types, such as A375 human 
melanoma cells, were implanted subcutaneously into the hindflank of male 
athymic mice (Charles River) and allowed to establish a sizeable tumor for 6-10 
days as determined by caliper measurements. Test compoimd was then 
administered by injecting the compoimd formulated id an appropriate vehicle, 
here saline was used as the vehicle, intr^eritoneally into the mice once a day for 
30 days. The test compound can also be administered by other routes such as 
orally, sub cutaneously or by intravenous infusion. The size of the tumor in this 
study was measured every four days and the degree of inhibition was determined 
by comparing drag-treated animals to animals that were injected with vehicle 
only. Figure 1 illustrates the results of one study with Cmd 33 indicating a 
delay of tumor size progression. Similarly the compounds of this invention can 
be tested in other known models of aberrant angiogenesis, such as models of 
retinopathy, endometriosis, psoriasis and the like. 



EXAMPLE 123 



The synergistic action or enhancement of conventional chemotherapeutic 
agent by a test compound can also be determined with this model by comparing 
animals treated with the standard therapy alone to animals treated with test 
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compound plus the same standard therapy. An additive effect on the delay of 
tumor growth will be observed if synergistic action due to test compound is 
occurring. 
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WHAT IS CLAIMED IS: 

1 . A compound of Fonniila 1 : 



A. 

R2 

Fonnxila 1 

5 or a pharmaceutically acceptable salt thereof, wherein 



Ri is selected jfrom the group consisting of cycloalkyl, heterocyclyl, 

biheterocyclyl, aryl, biaryl, heteroaryl and biheteroaiyl optionally substituted 
with 1 to 5 substituents independently selected from the group consisting of 

10 alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower aUcoxy, heterocyclyl, 
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, 
heterocyclylalkoxy, aryl, arylalkyl, arylalkenyl, arylalkynyl, arylalkoxy, 
heteroaryl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, 
heteroaxylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 

15 alkylamino, alkylaminoalkyl, alkylaininoalkylainino, aminoalkyl, 
aminoalkylamino, di(alkyl)ainino, di(alkyl)aminoalkyl, 
di(alkyl)aminoalkylainino, (hydroxyalkyl)ainino, di(hydroxyalkyl)aniino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aiyl is 

20 substituted with 1 to 3 substituents independently selected from the group 

consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, 

25 (hydroxyalkoxy)carbonyl, trihalo substituted lower alkyl and trihalo 
substituted lower alkoxy; 



A is selected from the group consisting of -N(R4)(CH2)x-, -OCCHjOx-, -SCCHa)^-, 
-SO^CCHyx-, -SOjNCCHW,., -NSOjCCHy,-, -N(R4)(CH2)mO(CH2),-, 
30 -N(R4)(CH2),^NH(CH2),-, -N(R4)CONH(CH2),- and .N(R4)CNNH(CH2)^-; 
whereinx is an integer from 0 to 4; 
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R4 is selected from the group consisting of H, lower alkyl, alkyl, hydroxyalkyl, 
alkoxyalkyl, arylalkyl, lower alkenyl, alkenyl, aryl and heteroaryl; wherein 
aryl and heteroaiyl are optionally substituted with 1 to 5 substituents 
5 independently selected from the group consisting of OH, halogen, cyano, 
nitro, amino, alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, 
di(hydroxyalkyl)aimno, alkyl, lower alkyl, alkoxy, lower alkoxy, 
tri(halo)substituted lower alkyl and tri(halo)substituted lower alkoxy; 

10 is selected from the group consisting of heteroaiyl and biheteroaryl optionally 
substituted with 1 to 2 substituents independently selected from R7 and 1 
substituent selected from Rg; 

R7 is selected from the group consisting of alkyl, lower alkyl, alkoxy, lower 
1 5 alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
20 substituted with 1 to 3 substituents ind^endently selected from the group 

consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy; 

25 

Rg is selected from the group consisting of alkyl, OH, hydroxyalkyl, halogen, 
cyano, amino, alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, 
di(hydroxyalkyl)amino, carbamoyl, alkylcarbonylamino, alkylcarbonyl, 
alkoxycarbonyl, (hydroxyalkyl)carbonyl, (hydroxyalkoxy)carbonyl, 
30 0(CH2)„R5, OCCHAOCCH^)^, 0(CH2)„CH[(CH2)„R5]2, 

0(CH2)„N[(CH2) Jl5]2, OCON[(CH2)„R^]2, NHCCH^)^, NH(CH2)„CH(R5)2, 
NH(CHASO,(CH,) NH(CH2),0(CH2)^5. NH(CH^,OCH[(CH3)JR5L. 
NH(CHJ,0(CH,)^0(CH2)^, NH(CH2),N[(CH2)«R5]„ 
NH(CH2)„S02NH(CH2)„R„ NH(CH2),CH(OH)(CH2)„R5, 



• 
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10 

15 
20 

) 

25 



NH(CH2),CH(OH)(CH2)„OR5, NH(Ciy,CH(OH)(CH2)^N[(CH^JEi5]2. 
NH(CH2),CO(CH2)«N[(CH2) NH(CH2)«C02(CH2)^, 
NH(CHACO(CH2)„,S02NH(CH2)^. NHCO(CH2)„CH(R5)2, 
NHCO(CH2)JR5, NHCO(CH2)„0(CH2) 

NHCO(CH2)„0(CHt)„0(CH2) NHCO(CH2)„0(CH2)„CO(CH2) Jl^, 
NHCO(CH2),N[(CH2) Jfl,]^, CONH(CH2)„0(CH2)„R5, and 
CONH(CH2)„N[(CH2)^]2; wherein n is an integer from 0 to 6 and m is an 
integer from 0 to 4; with the proviso, that m is at least 1 when R5 is selected 
from the group consisting of OH, amino, alkylamino and di(alkyl)amino; 

R5 is selected from the group consisting of H, OH, lower aftyl, amino, 

alkylamino, di(alkyl)amino, aryl, heteroaiyl, hiheteroaryl and heterocyclyl; 
wherein aryl, heteroaryl and heterocyclyl are optionally substituted with 1 to 
3 substituents independently selected from the group consisting of alkyl, 
lower alkyl, acyl, carboxyl, aryl (optionally substituted with 1 to 5 halogen 
substituents), OH, halogen, cyano, amino, alkylamino, di(alkyl)amiao, 
Oiydroxyalkyl)amino, di(hydroxyalkyl)amino, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl and aminosxilfonylalkyl; and, wherein heterocyclyl is 
furflier optionally substituted with 1 to 3 0x0 substituents; and, 

R3 is selected from the group consisting of H, alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, aiylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy. 



2. The compound of claim 1 wherein R, is selected from the group 
consisting of cycloalkyl, heterocyclyl, biheterocyclyl, aryl, biaryl. 



• 
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20 

) 

25 



heteroaryl and biheteroaryl optionally substituted with 1 to 5 substituents 
independently selected from the group consisting of alkyl, lower alkyl, 
alkenyl, aUcynyU alkoxy, lower alkoxy, heterocyclyU heterocyclylalkyl, 
heterocyclylalkoxy, aryl, arylalkyl, arylalkoxy, heteroaryl, 
heteroarylalkyl, heteroaiylalkoxy, OH, hydroxyalkyU halogen, cyano, 
nitre, amino, alkylamino, alkylaminoalkyl, alkylaminoalkylamino, 
axninoalkyl, aminoalkylanuno, di(alkyl)amino, di(alkyl)aminoalkyl, 
di(alkyl)anmioalkylamino, (hydroxyalkyl)amino, di(hydroxyalkyl)aniino, 
carbamoyl, acyl, alkoxycarbonyl, aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, (hydroxyalkyl)carbonyl, trihalo 
substituted lower alkyl and trihalo substituted lower alkoxy. 

3. The compound of claim 1 wherein R, is selected from the group 
consisting of aryl optionally substituted with 1 to 5 substituents 
independently selected from the group consisting of lower alkyl, lower 
alkoxy, heterocyclyl, heterocyclylalkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, OH, halogen, cyano, amino, alkylamino, 
alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, aminoalkylamino, 
di(alkyl)amino, di(alkyl)aminoalkyl, di(alkyl)aminoalkylamino, 
carbamoyl, acyl, alkoxycarbonyl, aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)aminosulfonylalkyl, carboxyl, trihalo substituted lower alkyl and 
trihalo substituted lower alkoxy* 

4. The compound of claim 1 wherein Ri is selected from the group 
consisting of phenyl optionally substituted witii 1 to 5 substituents 
independently selected from the group consisting of lower alkyl, lower 
alkoxy, OH, halogen, cyano, amino, alkylamino, alkylaminoalkyl, 
alkylaminoalkylamino, aminoalkyl, aminoalkylamino, di(alkyl)amino, 
di(alkyl)aminoalkyl, di(alkyl)aminoalkylamino, carbamoyl, acyl, 
alkoxycarbonyl, aminosxilfonyl, aminosulfonylalkyl, alkylaminosulfonyl, 
alkylaminosulfonylalkyl, di(alkyl)aminosulfonyl, 

di(alkyl)aminosulfonylalkyl, carboxyl, trihalo substituted lower alkyl and 
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The compound of claim 1 wherein R, is selected from the group 
consisting of phenyl optionally substituted with 1 to 5 substituents 
independently selected fcom the group consisting of methoxy, chlorine 
and fluorine* 

The compound of claim 1 wherein A is selected from the group 
consisting of -N(R4)(CH2),-, -OCCH^),-, -SCCH^),-, -SO^CCHj),-, 
-SOjNCCH^),., -NSOaCCHy,-, -N(R4)(CH2)j^O(CH2)x- and 
-N(R4)(CH2)mNH(CH2)^-; wherein x is an integer from 0 to 3. 

The compoimd of claim 1 wherein A is selected from the group 
consisting of -NCR^XCHjV, -0(CH,X-, -SCCH^),-, -SOjCCHj)^-. 
-SOaNCCH^),-, -NSOaCCKy,-, -N(R4)(CH2)mO(CH2),- and 
-N(R4)(CH2)t^NH(CH2)x-; wherein x is an integer from 0 to 1. 

The compound of claim 1 wherein A is selected from the group 
consisting of -N^)(CHi)^- and -©(CHy^-; wherein x is an integer from 
Oto 1. 

The compound of claim 1 wherein R4 is selected from the group 
consisting of H, aUcyl, lower alkyl, alkoxyalkyl, alkenyl, lower alkenyl, 
hydroxyaUcyl, aryl, arylalkyl and heteroaryl. 

The compoiuid of claim 1 wherein R4 is selected from the group 
consisting of H, lower alkyl and hydroxyalkyl. 

The compound of claim 1 wherein R4 is H. 

The compound of claim 1 wherein is selected from the group 
consisting of heteroaryl and biheteroaryl optionally substituted with 1 to 
2 substituents independently selected from R7 and optionally substituted 
with 1 substituent selected from Rg; wherein R7 is substituted on the 2 or 
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6 position from the point of attachment of Rj; and, wherein Rg is 
substituted on a caibon atom at the 4 or 5 position from the pomt of 
attachment of R^. 

5 13. The compound of claim 1 wherein Rj is selected from the group 

consisting of heteroaryl optionally substituted with 1 substituent selected 
from R7 and substituted with 1 substituent selected from R^; wherein R7 
is substituted on the 2 or 6 position from the point of attachment of R2; 
and, wherein Rg is substituted on a carbon atom at the 4 or S position 

1 0 from the point of attachment of R2- 

14. The compound of claim 1 wherein R^ is selected from the group 
consisting of thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, 
isoxazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrimidinyl and pyrazmyl 

15 optionally substituted with 1 substituent selected from R7 and substituted 

witih 1 substituent selected from Rg; wherein R7 is substituted on the 2 or 
6 position from the point of attachment of R^; and, wherein R, is 
substituted on a carbon atom at the 4 or S position from the point of 
attachment of Rj. 

20 

15. The compound of claim 1 wherein R^ is selected from the group 
consisting of pyridinyl, pyridazinyl, pyrimidinyl and pyrazinyl optionally 
substituted with 1 substituent selected from R7 and substituted with 1 
substituent selected from Rg; wherein R7 is substituted on the 2 or 6 

25 position from the point of attachment of R^; and, wherein Rg is 

substituted on a carbon atom at the 4 or 5 position from the point of 
attachment of Rj. 

16. The compoimd of claim 1 wherein R7 is selected from the group 

30 consisting of lower alkyl, lower alkoxy, heterocyclylalkyl, aryl, arylalkyl, 

OH, hydroxyalkyl, halogen, cyano, nitro, amino, alkylamino, 
di(alkyl)amino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, acyl, 
carboxyl, tri(halo)substituted lower alkyl and tri(halo)substituted lower 
alkoxy. 
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17. The compound of claim 1 wherein R, is selected &om. the gmap 
consisting of lower alkyl, OH, halogen, cyano, nitro, amino, 
tri(halo)substituted lower alkyl and triOialo)substituted lower alkoxy. 

5 

1 8. The compound of claim 1 whorein R7 is selected from the group 
consisting of methyl, ethyl, OH, bromine, chlorine, fluorine, cyano, nitro, 
amino, ttifluoromethyl and trifluoromethoxy. 



10 19. The confound of claim 1 wherein Rg is selected from the group 
consisting of OH, amino, (hydroxyalkyl)amino, alkoxycaibonyl, 
OCONKCH2) J^L, NH(CHj)JR5» NH(CHj)„CH(R5)2, 
NH(CH^,S02(CH^™R„ NH(CHj)„0(aUnR«, 
NH(CH2)„OCH[(CH2) NH(CH2).0(CH,)„0(CH2) 

15 l^(CHAN[(CH2)Jt5]2,NH(CHASOaNH(CH2)Jl5. 

NH(CHj)„CH(OH)(CH2) JR5, NH(CH2)„CH(OH)(CHj)„OR5. 
NH(CH^.CH(OH)(CH2)J^J[(ay„RL, 
. NH(CH2)„CO(CH2)JS[[(CH^Jl5]2,NH(CH2)„COj(CH^^, 
NH(CH2)„CO(CH3)„S02lSIH(CH,) NHCO(CH0JR„ 

20 NHC0(CHj)„0(CH2)„^, NHCO(CHj)„O(CHj)„O(CH0„^, 

NHCO(CH2)„0(CH2)„CO(CH2)JR,, CONH(CH^„0(CH2)^ and 
CONH(CH2)„N[(CH2) Jljjj; wherein n is an uxteger from 0 to 6 and m is 
an integer finm 0 to 4; with the proviso, that m is at least 1 when R5 is 
selected from the group consisting of OH, anmio, alkylamino and 

25 di(alkyl)amino. 

20. The compound of claim 1 wherein R, is selected from the group 
consisting of OH, amino, (hydroxyalkyl)amino, alkoxycarbonyl, 
OCON[(CH^„R5]2, NH(CH2)Jlj, NH(eH2)„CH(R5)i, 
30 NH(CHj)„S02(CH2)^,NH(CHj)„0(CHj)™Rs, 

>nH((:H,)„OCH[(CH^Jl5]j,NH(CH2)nO(CH,)„0(CH2)^, 

NH(CHj)„N[(CH2) AIj, NH(CH2)„S0,NH(CHj) 

l^(CH^.CH(OH)(CH2)JR5.NH(CHACH(OH)(CHj)„ORs, 

NH(CH^„CH(OH)(CH^„^[(CiyjlsL, 
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NH(CH2)„CO(CH^„N[(CH^^5]2,NH(CH,)„CO,(CHj)„^, 
NH(CH2)nCO(CHj)„SOjNH(CHj)^,NHCO(CH2)^, 
NHCO(CH^„O(CHj)^,NHCO(CHj)„O(CHj)„O(CH0„R5, 
NHCO(CHj)„0(CHi)„CO(CHj)^, C0NH(CH2)„0(CH,) JEI5 and 
5 CONHCCHjXNKCIlOn^lslz; wharein n is an integer from 0 to 5 and m is 

an integer from 0 to 2; with the proviso, that m is at least 1 when Rj is 
selected from the group consisting of OH, amino, alkylamino and 
di(alkyl)amino. 

10 21. The compound of claim 1 wherein R, is selected from the group 

consisting of OH, amino, (2-hydroxyethyl)amino, 
' (3-hydroxy-«-piopyl)amiiio, (4-hydroxy-n-butyl)amino, ethoxycarbonyl, 

OCON(R5)2, NH(CH2), NH(CHj),.jS02(CHs)„R^, 

NH(aEii),.sO(CHj)o.,R5.NH(CHj),^OCH[(CH2),^R,L, 
15 NH(CHj),^0(CHj),.jO(CH2),.jR5, NHCCH^), JSr[(CH2)o.2R5]2. 

NH(CHj),^S02l«ra(CHj),.jR3,l^(CH2)MCH(OH)(CH2),.2Rs, 

NH(CH2),^CH(OR)(CH2),.20R5, 

>H(ai2)i^CH(OH)(CHj),.jN[(CHj)o.,R5]2. 

>ra(CH2),.3CO(CH2)„N[(CH2)o.iRs]2,NH(ai2),^COi(ai2)o-,R5, 
20 NH(CHa),^CO(CHj),.2S02NH(CHj),.2R„ NHCO(CH2)o.,Ri, 

NHCO(CHj),.30(CHj)o.2R3,NHCO(CHi)i.iO(CH^i^O(CH2),.2R5, 

NHCO(CH2),.jO(CH2)o.,CO(CH2),.2R5, CONH(CHj),.30(CHj)o.2R4 and 
) CONH(CHj),.3N[(CH2),.jRi]2; with the proviso, that the R5 alkylene 

linking group is at least methylene whrai R5 is selected from the group 
25 consisting of OH, amino, aUgrlamino and di(a]kyl)aniino. 

22. The compound of claim 1 wherein R, is selected from the group 

consisting of H, OH, lower alkyl, amino, alkylamino, di(alkyl)amino, 
aryl, heteroaiyl and heterocyclyl; 'w^xerdn aryl, heteroaryl and 
30 heterocyclyl are optionally substituted with 1 to 3 substituaits 

independently selected from the group consisting of lower alkyl, acyl, 
carboxyl, aryl (optionally substituted with one halogen substituent), 
di(alkyl)amino; alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl and 
aminosulfonylalkyl; and, wherein heterocyclyl is further optionally 
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substituted with 1 to 3 oxo substituents. 



23. The compound of claim 1 wherein R5 is selected from the group 

consisting of H, OH, lower alkyl, heteroaryl and heterocyclyl; wherein 
heterooyclyl is optionally substituted with 1 to 3 substituents 
independently selected from the group consisting of lower alkyl, acyl, 
carboxyl, aryl (optionally substituted with one halogen substituent), 
di(a]kyl)amino, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl, 
aminosulfonylalkyl and 0x0. 



10 



24. The compound of claim 1 wherein R5 is selected from the group 
consisting of H, OH, methyl, ethyl, r-butyl, IH-azetidinyl, IH- 
pyrrolidinyl, 4-tetrahydro-2if-pyranyl, hexahydro-lif-azepinyl, 1,3- 
dioxolanyl, 1,3-dioxanyl, piperidinyl, piperazinyl, imidazolyl, pyrazolyl, 

15 triazolyl and pyridinyl; wherein 1 ,3-dioxolanyl, 1 ,3-dioxanyl, piperazinyl 

and piperidinyl are optionally substituted with 1 to 2 substituents 
independently selected from the group consisting of methyl, acetyl, 
carboxyl, phenyl (optionally substituted with chlorine), di(methyl)amino, 
methylsulfonyl, methylaminosulfonyl and 0x0. 

20 

25. The compound of claim 1 wherein R3 is selected from the group 
consisting of H, lower alkyl, lower alkoxy, OH, halogen, cyano, amino, 

^ alkylamino and di(alkyl)amino. 

25 26. The compound of claim 1 wherein R3 is selected from the group 

consisting of H, lower alkyl, lower alkoxy, OH, halogen, amino and 
di(alkyl)amino. 

27. The compound of claim 1 wherein R3 is selected from the group 
30 consisting of H and methyl. 



28. A compound selected from the group consisting of: 

3-[[5-[6-[(3-cWorophenyl)amino]pyrazinyl]-3-pyridinyl]aniino]- 1 -propanol; 
3-[[5.[2-[(3-chlorophenyl)amino]-6-methyl-4-pyrimidinyl]-3-pyridi^ 
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propanol; 

2- [[5-[6-[(3-chlorophenyl)amino]pyrazmyl]-3-pyridinyl]ai^ 
4-[[5-[6-[(3-chlorophenyl)amino]pyrazinyl]0-pyridinyl]a^ 
34[5-[6-[(3-fluorophenyl)ainino]pyrazinyl]-3-pyridinyl]am^ 

3- [[5-[6-[(3-methoxyphenyl)amino]pyrazinyl]-3-pyri 
3-[[5-[6-[(phenylmethyl)aimno]pyra2inyl]-3-pyridm 

3-[[6 -[(3-chlorophenyl)amino] [2,2'-bipyrazin]-6-yl]ainino]- 1 -propanol; 
34[4464(3-chlorophenyl)ainino]pyrazmyl]-3-pyridinyl]amm 
3.[[5-[6-[(3.chlorophenyl)aimno]pyrazmyl]-2-tWazolyl]ammo]- 1 -propanol; 
and, 

2-[2-[2-[[5-[6-[(3-cMorophenyl)amino]pyrazmyl]-3-pyridinyl]anun 
ethanol 

29. A compoxind selected from the group consisting of: 

6-(5-amino-3--pyridinyl)-A^-(3-chlorophenyl)-2-pyrazinamine; 

7/-[5-[6-[(3-cmorophenyl)aniino]pyrazinyl]-3-pyridinyl]-iV^^ 

ethanediamine; 

iVi-[5-[6-[(3-cMorophenyl)aniino]pyrazinyl]-3-pyridinyl]4-morpholinepropan 

^-[5-[6-[(3-cWorophenyl)amino]pyrazinyl]-3-pyridinyl]-A^^-dim 

propanediamine; 

iV-(3-cMorophenyl)-6-[5-[[3<l-piperazinyl)propyl]anuno]-3«pyridinyl]-^^ 
pyrazinamine; 

7^-(3-cmorophenyl)-6-[5-[[4-(4-pyridiny])butyl]aniino]-3-pyTidm^^ 

JV-(3-chlorophenyl)-6-[5-[[3-(4-pyridinyl)propyl]aniino]-3-pyri 

pyrazinamine; 

^:•(3-cWorophenyl)-6-[5-[[3-(3-pyridinyl)propyl]a^lino]-3-pyri 
pyrazinamine; 

7^-(3-cWorophenyl)-6-[5-[[3-(li/-pyrazol-l-yI)propyl]amino]-3-p^ 
pyrazinamine; 

iSr-(3-cmorophenyl)-6<5-[[3-(li^l.2,4-triazol-l^yl)propyU 
pyrazinamine; 

iV^(3-cMorophenyl)'^-[5-[[3-(li;f-inddazol-l-yl)propyl]anm 
pyrazinamine; 

;V^(3-^Morophenyl)-6-[5-[[(tetrahydro-2H-pyran-4-yl)^ 
pyrazinamine; 

A^-(3-chlorophenyl)-6-[5-[[2-(2-methoxyethoxy)ethyl]ami^ 
pyrazinamine; 

iSr-(4-methoxyphenyI)-6-[5-[[3-(4-pyridinyl)propyl]amino]-3-pyri 
pyrazinamine; 

iV^(3,4-dicmorophenyl)-6-[5-[[3-(4-pyridinyl)propyl]ami^ 
pyrazinamine; 

Ar-[5-[6-[(3-cMorophenyl)amino]pyrazmyl]-3-pyridinyl]-2<2-metlioxye^^ 
acetamide; 

iV^[5-[6-[(3-cMorophenyl)amino]pyrazinyl]-3-pyridinyl]-2-ethoxy-a^^ 
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7/-[5-[6-[(3-cWorophenyl)amino]pyrazmyl]-3-pyridm 
and, 

JV^[5-[6-[(3-chlorophenyl)amino]pyra2inyl]-3-pyridinyl]-2-hyd^^ 

30* A compound selected firom the group consisting of: 

JSr-[5-[6-[(3-cUorophenyl)ainino]pyrazmyl]-3-pyridinyl]-2-met^^ 

iV'-[5-[6-[(3-chlorophenyl)aniino]pyrazmyl]-3-pyridinyl]-3-pyridin 

jVi.[5-[6-[(3-cUoiX)phenyl)anaino]pyrazinyl]-3-pyridin^^^ 

and, 

4-.[[5-[6.[(3-chlorophenyl)amino]pyrazinyl]-3-pyridinyl]amino] acid ethyl 

ester. 

31. A compound of Formula 2: 



5 




Formula 2 

or a pharmaceutically acceptable salt thereof^ wherein 

R, is selected from the group consisting of cycloalkyl, heterocyclyl, 
10 biheterocyclyl, aryl, biaryl, heteroaryl and biheteroaryl optionally substituted 
with 1 to 5 substituents ind^endently selected from the group consisting of 
alkyl, lower alkyl, alkenyl, alkynyl, alkoxy, lower alkoxy, heterocyclyl, 
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, 
heterocyclylalkoxy, aryl, arylalkyl, arylaUcenyl, arylalkynyl, arylalkoxy, 
1 5 heteroaryl, heteroaiylalkyl, heteroarylalkenyl, heteroaiylalkynyl, 
heteroarylalkoxy, OH, bydroxyalkyl, halogm, cyano, nitro, amino, 
alkylamino, alkylaminoalkyl, alkylaminoalkylamino, aminoalkyl, 
aminoalkylamino, di(alkyl)amino, di(alkyl)aminoall^l, 
di(alkyl)aminoalkylamino, (hydroxyalkyl)amino, di(hydroxyalkyl)amino, 
20 carbamoyl, acyl, acylaUcyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino. 
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alkylsulfonyl, alkylsulfonylamino, arylsulfonylaininc (wherein aryl is 
substituted with 1 to 3 substituents indep^idently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), aminosulfonyl, aminosulfonylalkyl, 
alkylaminosulfonyl, allq^laminosTilfonylalkyl, di(alkyl)aminosulfonyl, 
di(alkyl)ammosulfonylalkyl, carboxyl, (hydroxyallcyl)carbonyl, 
(hydroxyalkoxy)carbonyl, trihalo substituted lower alkyl and trihalo 
substituted lower alkoxy; 

R7 is selected from the group consisting of alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halogen, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydroxyalkyl)animo, di(hydroxyalkyl)ammo, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)carbonyl, 
(hydroxyalkoxy)carbonyl, tri(halo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy; 

Rg is selected from the group consisting of alkyl, OH, hydroxyalkyl, halogen, 
cyano, amino, alkylamino, di(alkyl)aniino, (hydroxyalkyl)amino, 
di(hydroxyalkyl)amino, carbamoyl, alkylcaibonylamino, alkylcarbonyl, 
alkoxycarbonyl, (hydroxyalkyl)carbonyl, (hydroxyalkoxy)carbonyl, 
0(CH2)^, 0(CH2),0(CH2) 0(CH2)„CH[(CH2)„R5]2, 
0(CH^,N[(CH,) JR5]2, OCON[(CH2)JR5]2, NH(CH^^, NH(CH2),CH(R5)2, 
NH(CH2)„S02(CH^„,R5, NH(CH2)„0(CH2)^, NH(CH,)„OCH[(CH2)^]2, 
NH(C3i2),0(CH,),0((:H^ NH(^ 
NH(CH2),SO,NH(CH2)„R5, NH(CH2)„CH(OH)(CH2)^, 
NH(CH2),CH(OH)(CH2)mOR5, NH(CH,),CH(OH)(CH2)^N[(CH2)JR,]2, 
NH(CH2)oCO(CH^„N[(CH2)Jl5]i,NH(CH2)„C02(CH2)^ 
NH(CHa),CO(CH,)„S02NH(CH2)„R5, NHCO(CH^„CH(R5)2, 
NHCO(CH2)„R5, NHCO(CH2)„0(CH2) A, 
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NHCO(CH^„0(CH,),0(CH^^, NHC0(Ciy„0(Ciy„,C0(CHy«R5. 
NHCO(CH^oNt(CH2)„,R5]2, CONH(CH2),0(CH2)^, and 
CONH(CH2)nN[(CH2) JRjJz; wherein n is an integer from 0 to 6 and m is an 
integer from 0 to 4; with the proviso, that m is at least 1 when Rj is selected 
S from the group consisting of OH, amino, alkylamino and di(alkyl)amino; 

R5 is selected from the group consisting of H, OH, lower alkyl, amino, 

alkylamino, di(alkyl)amino, aryl, heteroaryl, biheteroaryl and heterocyclyl; 
wherein aryl, heteroaryl and heterocyclyl are optionally substituted with 1 to 
3 substituents independently selected from the group consisting of alkyl, 
lower alkyl, acyl, carboxyl, aryl (optionally substituted with 1 to 5 halogen 
substituents), OH, halogen, cyano, amino, alkylamino, di(alkyl)amino, 
(hydroxyalkyl)amino, di(hydroxyalkyl)amino, alkylsulfonyl, aminosulfonyl, 
alkylaminosulfonyl and aminosulfonylalkyl; and, wherem heterocyclyl is 
further optionally substituted with 1 to 3 0x0 substituente; and, 

R3 is selected from the group consisting of H, alkyl, lower alkyl, alkoxy, lower 
alkoxy, alkenyl, alkynyl, heterocyclyl, heterocyclylalkyl, heterocyclylalkoxy, 
aryl, arylalkyl, arylalkoxy, OH, hydroxyalkyl, halog^, cyano, nitro, amino, 
alkylamino, di(alkyl)amino, (hydix)xyaIkyl)amino, di(hydroxyalkyl)amino, 
carbamoyl, acyl, acylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, acylamino, 
alkylsulfonyl, alkylsulfonylamino, arylsulfonylamino (wherein aryl is 
substituted with 1 to 3 substituents independently selected from the group 
consisting of cyano, halogen, hydroxy, nitro, tri(halo)substituted lower alkyl 
and tri(halo)substituted lower alkoxy), carboxyl, (hydroxyalkyl)caibonyl, 
(hydroxyalkoxy)carbonyl, tri(haIo)substituted lower alkyl and 
tri(halo)substituted lower alkoxy. 

32. A phannaceutical composition comprising a pharmaceutically acceptable 
30 carrier and a compound of claim 1 . 



10 



15 



20 



25 



33, 



Use of the compound of claim 1 to inhibit a vascular endothelial growth 
factor (VEGF) receptor tyrosiae kinase. 
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34. The use of claim 33 to treat a disease selected from the group consisting 
of aberrant angiogenesis, tiunors, diabetic retinopathy, rheimiatoid 
arthritis, endometriosis and psoriasis. 



5 35. Use of the compound of claim 1 to inhibit angiogeiiesis in a subject in 
need thereof. 

36. Use of the compound of claim 1 to treat a cancer capable of stimulating 
angiogenesis in a subject in need thereof. 

10 

37. Use of the compound of claim 1 to treat diabetic retinopathy in a subject 
in need thereof 

38. Use of the compound of claim 1 to treat rheumatoid arthritis in a subject 
15 in need thereof 

39. Use of a compound of claim 1 to treat endometriosis in a subject in need 
thereof. 



20 40. Use of a compound of claim 1 to treat psoriasis. 

41 . Use of a pharmaceutical composition comprising a compound of claim 1 
to inhibit a vascular endothelial growth factor (VEGF) recq)tor tyrosine 
kinase. 



25 



42. The use of claim 4 1 wherein the pharmaceutical composition is used to 
treat a disease selected from the group consisting of aberrant 
angiogenesis, tumors, diabetic retinopathy, rheumatoid arthritis, 
endometriosis and psoriasis. 



30 
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SEQUENCE LISTING 
<110> Ortho-McNeil Pharmaceutical, Inc- 

<120> Pyrazine Derivatives as Modulators of Tyrosine Kinases 

<130> ORT-1499 

<140> 
<141> 

<X50> 60/233,968 

<151> 2000-09-2-0 

<160> 12 

<170> Patentin Ver. 2.1 

<210> 1 
\ <211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.peptide 
<400> 1 

Lys His Lys Lys Leu Ala Glu Gly Ser Ala Tyr Glu Glu Val 
15 10 



<210> 2 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : peptide 
<400> 2 

\ Lys Thr Pro Lys Lys Ala Lys Lys Pro Lys Thr Pro Lys Lys Ala Lys 
15 10 15 

Lys Leu 



<210> 3 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : peptide 
<400> 3 

Asp Arg Val Tyr He His Pro Phe 



1 
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1 



5 



<210> 4 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : peptide 
<400> 4 

Gly Arg Thr Gly Arg Arg Asn Ser lie 
1 5 



<210> 5 
<211> 13 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : peptide 
<400> 5 

Arg Phe Ala Arg Lys Qly Ser Leu Arg Gin Lys Asn Val 



<210> 6 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.peptide 
<400> 6 

Lys Arg Arg Arg Ala Leu Ser 
1 5 



<210> 7 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : peptide 
<400> 7 

Arg Arg Glu Glu Glu Thr Glu Glu Olu 
1 5 



<210> 8 
<211> 14 



1 



5 



10 



2 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: peptide 
<400> 8 

Lys Lys Arg Ala Leu Arg Arg Gin Glu Thr Val Asp Ala Leu 
X 5 10 



<210> 9 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: peptide 
<400> 9 

Lys Arg Arg Qlu lie Leu Ser Arg Arg Pro 
15 10 



<210> 10 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence speptide 
<400> 10 

Ala Pro Arg Thr Pro Qly Gly Arg Arg 
1 5 



<210> 11 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: peptide 
<400> 11 

Thr Arg Asp lie Tyr Qlu Thr Asp Tyr Tyr Arg Lys 
15 10 



<210> 12 
<211>. 14 
<212> PRT 

<213> Artificial Sec[uence 
<220> 

<223> Description of Artificial Sequence: pep tide 



3 
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<400> 12 

Lys His Lys Lye Leu Ala Glu Gly Ser Ala Tyr Glu Qlu Val 
1 S 10 



4 



